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LETTER OF TRANSMITTAL 


Unttep States DEPARTMENT oF LABOR, 
CHILDREN’s BUREAU, 

Washington, May 31, 1933. 

Mapam: Herewith is transmitted a bulletin entitled, The Effect of 
ao Sunlight on the Development of Bones of Children in Puerto 

ico. 
The investigation upon which this report was based was planned 
and carried out under the direct supervision of Dr. Martha M. Eliot, 
director of the child-hygiene division of the Children’s Bureau, who 
is also the author of the report. The medical examinations were. 
made with the assistance of Dr. Edith B. Jackson. The study of 
economic and social factors was made by staff members of the Bureau 
experienced in social investigation. 
The Bureau is indebted to the staff members of the Department of 

Health of Puerto Rico and of the Presbyterian Hospital in San Juan, 
of the Hospital Asilo des Damas in Ponce, and of the School of 
Tropical Medicine, University of Puerto Rico, in San Juan. Their 
interest and cooperation made the investigation possible. 

Thanks are seneciely due to Dr. E. A. Park, of the Johns Hopkins 
University School of Medicine, formerly of the Yale University School 
of Medicine, for his assistance and interest in the planning of the 
investigation and the interpretation of the results. 


Respectfully submitted. 
Grace Axssort, Chief. 


Hon. Frances PERKINS, 
Secretary of Labor. 
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THE EFFECT OF TROPICAL SUNLIGHT 
ON THE DEVELOPMENT OF BONES OF CHILDREN 
IN PUERTO RICO 


A Roentgenographic and Clinical Study of Infants and Young Children with Special 
Reference to Rickets and Related Factors 


PURPOSE OF INVESTIGATION 


The study of Puerto Rican children here reported was undertaken in 
_ order to observe the roentgenographic appearance of the bones of 
infants living under the influence of tropical sunlight and to make 
comparisons between the roentgenographic appearance of the bones 
of such infants and that of the bones of infants living in a temperate 
climate. During a previous investigation made in New Haven, 
Conn., by the Children’s Bureau in cooperation with the department 
of pediatrics, Yale University School of Medicine, it had been found 
that the bones of a large proportion of infants living i in this temperate 
climate showed sooner or later by roentgenographic examination cer- 
tain minor changes that were interpreted as evidence of slight rickets. 
Because such a large proportion of infants in New Haven showed these 
slight changes, regardless of the fact that they had been given what 
was thought to be an amount of cod-liver oil sufficient to prevent rick- 
ets, the question had arisen whether the changes should not be re- 
garded as physiological variations of normally growing bone rather 
_ than as the evidences of beginning rickets." 

Questions had arisen also in New Haven as to the correct interpre- 
tation of certain skeletal signs used in the clinical diagnosis of mild 
rickets. Study of a group of infants and young children who had 
lived continuously in a tropical climate, exposed the year around to 
intense sunlight, would, it was hoped, answer a number of these 

questions. 
__ Though it was assumed, when Puerto Rico was selected for the 
investigation, that the intensity of the sunlight there and the possi- 
bilities of exposure were such as to insure the prevention of rickets and 
allow for normal growth of bone, it was nevertheless essential to the 
main purpose of the study that this assumption be confirmed before 
the data collected in Puerto Rico could be used with certainty as a 
normal control for the data collected in New Haven. In this report, 
then, the incidence of rickets (unquestioned) in Puerto Rico and also 
of those minor deviations from the normal commonly interpreted in 
_the New Haven study as evidence of slighter degrees of the disease 
_will be discussed as a basis for conclusions regarding the roentgeno- 
graphic appearance of the bones of normal infants. From time to 


1 Eliot, Martha M.: The Control of Rickets; preliminary discussion of the demonstration in New Haven. 
Journal of the American Medical Association, vol. 85, no. 9 (Aug. 29, 1925), pp. 656-663. 
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time, also, comparison will be made between these Puerto Rican 
children and an unselected group of New Haven children who, during 
the previous study, had been examined by the same physicians and 
whose mothers had had no specific advice with regard to the preven- 
tion of rickets. 

The investigation was made in the two principal cities of the island, 
San Juan and Ponce, because of the facilities in these two places for 
making roentgenographic examinations and for observing a large num- 
ber of infants within a short period of time. During a period of six 
weeks (from the last week of January, 1927, to the second week of 
March) 584 children were examined, and the homes of 556 of these 
children were visited in order to obtain information regarding diet and 
living conditions, especially exposure to sunlight. 

In the course of the investigation the examinations of the Puerto 
Rican children and the visits to their homes brought out so many other 


findings of interest in connection with the health of these children . 


that it seemed desirable that the report should deal with other aspects 
of health besides those relating to the presence or absence of rickets. 
Indeed, the interpretation of the roentgenographic and clinical find- 
ings with regard to rickets is itself so dependent on an understanding 
of the growth and development of children that a discussion of the 
general health of children in the island and the conditions under 
which they live is given before the discussion of the special examina- 
tions for rickets, 


ee ee — ee 
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GENERAL CONDITIONS AFFECTING HEALTH OF YOUNG 
CHILDREN IN PUERTO RICO 


The health of young children in any community depends to some 
extent on underlying racial and climatic factors; to a larger extent on 
the general health conditions prevailing in the community, including 
the facilities for health education and medical care; and to an even 
larger extent on the economic and social status of the community as a 
whole. The health of the children in Puerto Rico is no exception to 
this general rule. Intermixing of races, a tropical climate, ignorance, 
poverty, overpopulation, irregularity of employment, probably all 
contribute to the high incidence of malnutrition as well as to the high 
incidence of disease and death. A report onthe health of the children 
studied in the present investigation would be incomplete without some 
picture of these underlying factors. A detailed discussion of certain 
social and economic factors such as income, housing, family grouping, 
and diet will be given in later sections. (See pp. 61-97.) As a back- 
ground for the more detailed discussion a general discussion of climatic, 
racial, and economic factors, as well as of the general health condi- 
tions, is given in the following sections. 


CLIMATE AND SUNLIGHT 


The island of Puerto Rico, the fourth largest of the islands of the 
West Indies, lies between the eighteenth and nineteenth parallels of © 
latitude north of the equator, about 5° south of the Tropic of Cancer. 
It is located, therefore, well within the Tropics. 

The temperature? varies comparatively little from season to season, 
averaging 75° to 76° F. in the winter months and 80° to 81° F. in the 
hottest summer months. Throughout the year the sunlight is intense, 
and even in the so-called winter months it is so hot at noon that in 
order to avoid the great heat and bright light the people remain, if 

ossible, indoors or in the shade. The windows of the houses or huts 

o not have glass, but many have wooden shutters to keep out heavy 
rain and intense sunshine. 

Though the island is comparatively small—a little more than 100 
miles long from east to west and about 40 miles wide—it has several 
varieties of climate. Heavy tropical showers are frequent in the 
northern part of the island and comparatively infrequent in the south- 
ern. The sunlight is even more continuous in the south than in the 
north and for long periods of time is unrelieved by cloud or shower. 
The city of Ponce, situated on the southern coast of the island, has 
less rain and more sunlight than has the city of San Juan, on the 
northern coast. | ‘ 

Because of the well-recognized association between normal calci- 
fication of bone and adequate exposure to sunlight, it is obviously 
of importance in any community where the growth of bone or the 


4 Fassig, Oliver L.: The Climate of Puerto Rico, Puerto Rico Review of Public Health and Tropical 
Medicine, vol. 4, no, 5 (November, 1928), p. 203. : 
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incidence of rickets is being studied to consider the amount of sunlight 
to which children, especially young infants, are ordinarily exposed. 


HOURS OF SUNLIGHT 


The following comparison shows the daily average of possible 
hours and of actual hours of sunlight during each month in the year 
for San Juan, P. R., and for New Haven, Conn. It also shows the 
total number of possible and actual hours of sunlight a year in both 
San Juan and New Haven, and the daily averages for the year.’ 


« 


Daily average of eng Daily average of actual 


ble hours of sunlight hours of suniight 
Month 

San Juan |New Haven} San Juan |New Haven 
NN a a ai ga wm ne amin astee 11; 2 9. 6 6. 9 4.7 
eer ee ie See tie ae 11. 6 10. 6 7. 8 6. 4 
Miegronue i . Tea ee ey Pa era 12. 0 12. 0 8:2 Te 
pie tse ot Rel pee ee de ee 12;.6 1823 7.8 7.5 
LU SEE eee Rarer Cree = peice? ane MOR 13. 0 14.5 % 6 8. 4 
Ro ee, ak ee ee 2 13.2 ¥.,1 c SRee & ae 
RY dS ot EO: a EOE gee See 13.1 14.8 8.1 9, 2 
mee 222 0 Pe ae Aes. Le? 12. 7 13. 8 8. 4 8. 4 
papiember..coibeve bbe cause flee 12. 2 12. 5 7.4 y fe 
CUS] of 81 gata some pi BOT eee eets a Oi Acai uae 2 Saat eg 1h: ite 6. 6 
ICRC TIOI OT ct ae iG, Coe ac aN ge ete a ws th 11.3 9. 9 6. 9 5.3 
Wecembper. =. awe a ee Vy! 9.3 6.8 4.9 
Total for year. 228 vad ee. tr 4,416 | 4,456 | 2,774 2, 592 
Daily average for year__._----_-- 12. 1 12. 2 7. 6 OE 


Although the daily average of possible hours of sunlight is about the 
same in the two cities, the average of actual hours is somewhat greater 
in San Juan. Much less seasonal variation occurs in San Juan, how- 
ever, in both possible and actual hours of sunlight than in New Haven. 
In San Juan, moreover, the uniformly warm climate allows the actual 
hours of sunlight to be continuously available throughout the year to 
children living there, whereas in New Haven the long cold season oc- 
curs coincidentally with the decrease in actual hours of sunlight and 
limits still further the availability of what sunlight there is. Though 
during the summer months the daily average of actual hours of sun- 
light in New Haven exceeds that in Puerto Rico, this period is short 
and does not bring the total number of actual hours of sunlight a year 
up to the number available to children in Puerto Rico. 


INTENSITY OF SUNLIGHT 


In addition to the advantage that Puerto Rico has over New Haven 
in actual hours of sunlight, it has the advantage also in intensity of 
sunlight. Though accurate measurements are not available, it is prob- 
able that at the latitude of Puerto Rico (about 18° N.) the intensity of 
the sunlight is relatively high and that it varies little from month to 
month, whereas at the latitude of New Haven (about 41° N.) without 
much doubt the intensity is lowered during the winter months. Tis- 


3 Figures supplied by Weather Bureau, U. S. Department of Agriculture. Averages of actual hours are 
based on a 25-year period for San Juan and on a 20-year period for New Haven, 
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dall and Brown,‘ who studied the relation of the altitude of the sun to 
its antirachitic effect, regard 35° as the altitude below which there is 
definite decrease in the ultra-violet content of the sunlight. They 
state that in Jamaica, which is at about the same latitude as Puerto 
Rico, the minimum altitude of the sun for the year is 50°, whereas in 
Boston, which is at about the same latitude as New Haven, it is below 
35° for four months of the year. When the uniformly high tempera- 
ture of Puerto Rico is taken into consideration there is little doubt that 
the possibility of long daily exposure to sunlight, which is effective in 
the prevention of rickets, is very great for infants in San Juan—far 
greater than for infants in New Haven. 


EXPOSURE TO SUNLIGHT 


Out of the equable climate of Puerto Rico have grown customs and 
habits of living which insure an out-of-door life for children as well as 
adults. The construction of the houses, the type of clothing, the 
customs with regard to housework, all make exposure to sunlight 
inevitable. 

In Puerto Rico it is customary to keep babies indoors for the first 40 
days of life, but because of the absence of window glass and the almost 
universal accessibility of sunlight inside the houses (see pp. 70-75), it 
is probable that even these youngest babies receive some direct sun 
light, though apparently no conscious effort is made to insure their get- 
tingany. After this early period the amount of exposure to sunlight 
increases rapidly, since it is then considered safe to take the baby out. 
Baby carriages are not used in Puerto Rico except by the well-to-do, 
and it seemed to be the universal custom for the mother to take the 
baby outdoors in her arms, or, when he was older, astride her hip, sup- 
ported by her arm or by a sling hung from her neck. The mother usu- 
ally took the baby with her when she did her daily errands, held him 
in her lap as she sat in the sun, or let him sit in a box used as a make- 
shift play pen while she worked in the patio or yard. A few mothers 
made special efforts to protect their young babies (usually those with 
the fairest skins) from exposure to the sun in order to prevent tanning, 
but most of these mothers admitted that they were not successful in 
keeping the baby out of the sun all the time. As soon as a baby 
learned to creep or to walk, he would begin to get more sunlight. 
Again and again a baby would be seen playing in an open sunny door- 
way, or hanging over a bar placed across the door to keep him from 
falling down the steps, or playing about the patio where his mother 
could watch him while she worked. 

After a baby has learned to walk exposure to sunlight is almost 
inevitable, as his playground is the yard, the patio, or the street, all 
of which are sunny most of the time. 

The fact that little children in Puerto Rico need no clothing to pro- 
tect them from cold makes it possible for them to get plenty of direct 
sunlight. During the early months of the baby’s life one or two gar- 
ments are customarily put on him, but many a child 6 months or a 
year old was seen playing about the house or in the patio without 
clothes, or wearing but one scanty garment such as a shirt or short 
dress. Even able 2 or 3 years of age wore little or no clothing. 


4 Tisdall, Frederick F., and Alan Brown: Relation of the Altitude of the Sun to Its Antirachitic Effect. 
Journal of the American Medical Association, vol. 92, no. 11 (Mar. 16, 1929), pp. 860-864 
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DENSITY OF POPULATION 


The population of Puerto Rico is very dense, the territory being fifth 
in order of density of all the States, Territories, and possessions of the 
United States; only the District of Columbia, Rhode Island, New Jer- 
sey, and Massachusetts have denser populations.® In 1930 the popu- 
lation of Puerto Rico was 1,543,913. Of these persons 1,116,692 (72 
per cent) lived in the rural parts of the island; the remaining 427,221 
(28 per cent) lived in the 40 cities and towns of more than 2,500 popu- 
lation: 114,715 in San Juan, 53,430 in Ponce, and 259,076 in the other 
38 cities and towns.® The wide distribution of the people throughout 
the hills and coastal plains with consequent isolation is responsible for 
many of the health problems that are most difficult to solve. 


RACE 


That the Puerto Ricans are a mixture of highly pigmented peoples, 
being partly Indian, partly Negro, and partly Spanish, is of interest 
in this study in view of the well-known high incidence of the severer 
degrees of rickets among the children of highly pigmented peoples liv- 
ing in temperate climates. In the early sixteenth century, at the time 
of the settlement of Puerto Rico by Spaniards, the island was inhabited 
by Indians. During the years of settlement the number of full- 
blooded Indians was greatly reduced by slavery, war, epidemics, and 
intermarriage, until, according to the early Spanish records, the Indi- 
ans as a distinct race had disappeared 50 years after the coming of the 
Spaniards. During these years there was undoubtedly a mixture of 
Indian and Spanish blood, but it is difficult to determine how much 
Indian blood still exists in the island. Boas’ calculates on theoretic 
grounds that possibly 14 per cent of the natives of the island have 
Indian blood in their veins and thinks that the amount of Indian blood 
in the rural districts is greater than is ordinarily assumed. Early in 
the period of settlement the first African negroes were brought to 
Puerto Rico as slaves; from then on the number of negroes in the island 
increased gradually. After the first importation of slaves a mixing of 
the two races began, which has continued down to the present dak 
The result is that in Puerto Rico to-day is found a race of people, who, 
though predominantly Spanish in type, show many evidences of negro 
blood and, in districts where less mixture with the negroes has taken 
place, show some remaining evidences of Indian blood. 

How much influence this mixing of races has had upon the growth 
and stamina of the people can not be estimated. The apparent 
retardation in the physical growth and development of the children is 
probably a result not only of this mixture of races but also of various 
environmental factors, 


ECONOMIC CONDITIONS AND DIET 


The economic condition of the great majority of the native Puerto 
Ricans is extremely poor, and this fact unquestionably plays a major 
role in the generally poor physical condition of the people, and of the 
children in particular, as will be shown later. (See p. 61.) A large 


5 Fifteenth Census of the United States, 1930, vol. 1, Population. 

§ Ibid, pp. 1251, 1263. 

7 Boas, Franz: The Anthropometry of Puerto Rico. American Journal of Physical Anthropology, vol. 
8, No. 2 (April-June, 1920), pp. 247-253, 


GENERAL HEALTH CONDITIONS 7 


proportion of the men are employed in the various agricultural pur- 
suits of the island, but they own no land and move about from plan- | 
tation to plantation as the various crops need planting or harvesting. 
Wages for such work are very low, and the supply of laborers is very 
large. The standard of living, at the same time, is so low that it is 
possible for a family to exist on an unbelievably small income. In the 
rural districts the farm laborer usually lives in a hut on the plantation 
where he works. He may or may not be allowed to cultivate a small 
piece of land about his hut. If he does have the opportunity, he may 
raise a few banana trees or have a small truck garden. The fact, how- 
ever, that these farm laborers do not own the land on which they build 
their houses and that they move frequently from plantation to plan- 
tation with the rotation of crops prevents them from having either the 
desire or the time to cultivate the land around their huts to any extent. 

The economic situation is such that many families do not have com- 
mon necessities, such as an adequate diet and a house equipped with 
beds, chairs, tables, cookstove, cooking utensils, and proper sanitary 
arrangements. Living is, on the whole, so simple that it requires 
little effort. There is no heating problem, the children need little or 
no clothing, and the adults need only enough to cover them; few per- 
sons in the rural districts wear shoes. A few cents a day suffices to 
provide the rice and beans that are the basis of the diet. The wide 
scattering of the rural population through the hills of the island makes 
the distribution of perishable foods difficult. Milk, eggs, and fresh 
meat are not available to the majority of people in the rural districts. 
In the cities the conditions are little better, for wages are low, and 
though milk, eggs, and meat are more easily obtained there, these 
foods are comparatively little used because of their high price. 

The poverty of the Puerto Ricans affects the health of the children 
primarily through the resulting inadequacy of their diet, especially 
with respect to milk. The importance of milk as an indispensable 
part of the diet of all growing children and of pregnant and lactating 
mothers is well recognized everywhere to-day, but in Puerto Rico not 
nearly enough milk is either produced or imported to supply the needs 
of the children or of the mothers. The United States Census of 1920 
reported only 50,311 dairy cows in Puerto Rico, or 1 cow for every 26 

ersons of the total population. At the time of that census there were 
in the United States 19,675,297 dairy cows, or 1 for every 5.37 persons. 
In Puerto Rico at that time the ada production of milk was estimated 
to be 7,613,071 gallons, or 2 ounces per person daily; in continental 
United States during the same year the total production of milk was 
estimated to be 7,805,143,792 gallons, or 26 ounces per capita daily’ 

It is difficult to estimate what proportion of the milk produced in 
Puerto Rico is actually consumed by the people. From data reported 
to the commissioner of health of the island it is estimated that the 
consumption of milk by the total population in the fiscal year 1925-26 
was approximately 1 ounce per penta daily and that in 1926-27 it was 
less than 1 ounce per capita daily.2 Undoubtedly some milk, both 
cow’s milk and goat’s milk, was consumed in the rural districts that 
was not sold and was therefore not reported to the commissioner of 
health; but this amount probably was small. 


8 a Census of the United States, 1920, vol. 5, Agriculture, pp. 23, 654; vol. 6, pt. 3, Agriculture, 
5 388. 
Pr, Report of the Commissioner of Health of Puerto Rico for the Fiscal Year 1926, p. 83; 1927, p. 118. San 
Juan, 
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The importation of canned milk, butter, and cheese from the United 
States and other countries in 1926 ' added but little to the total sup- 
ply of milk and milk products used by the Puerto Ricans. 

When all forms of milk are considered, it is probable that the actual 
consumption of milk and milk products in 1926 was less than 2 ounces 
of milk per capita daily. It is estimated that in the United States the 
consumption of milk alone in 1925 amounted to 19.2 ounces per capita 
daily and that in addition there were consumed per capita annually 
17.4 pounds of butter, 4.3 pounds of cheese, 14.87 pounds of condensed 
and evaporated milk, and 2.8 gallons of ice cream.!! 

The need for more milk in the diet of the Puerto Rican children and 
mothers, as well as other needs of the families, will be discussed in 
more detail in the section on social and economic conditions in Puerto 
Rico (p. 61). The importance of the economic needs of the Puerto Rican 
people in the problem of child health can not be overemphasized. 


INDEXES OF CHILD HEALTH 


The best available indexes of the health of a community are the 
relation of birth rates to death rates, the incidence of communicable 
diseases, and the mortality rates from certain causes for special age 
periods. The health of the children in a community is especially re- 
flected in the trend of infant mortality, in the incidence of communi- 
cable diseases and nutritional diseases, and in the mortality from such 
diseases as gastroenteritis and tuberculosis. Since, however, nutri- 
tional diseases and general malnutrition are not reportable to health 
authorities, the extent of these conditions is rarely known on a com- 
munity-wide basis. Where nutritional disturbances are widespread 
and medical care inadequate, as in Puerto Rico, study of vital statis- 
tics gives an inadequate estimate of the true health conditions. In 
Puerto Rico, moreover, reporting of vital statistics is very incom- 
plete,” and the information that can be assembled from a study of 
these statistics can be regarded only as roughly indicative of the 
health conditions in the island. 


INFANT MORTALITY 


That the infant mortality rate in a community varies with social 
and. economic factors such as the father’s earnings, the family’s per 
capita income, the mother’s employment, housing congestion, and 
feeding has been demonstrated by the Children’s Bureau.’* The high 
infant mortality rate reported in Puerto Rico probably reflects 
(besides incomplete registration of births) the poverty of the people, 


10 During the fiscal year ended June 30, 1926, 3,743,803 pounds of canned milk (about 24% pounds per cap- 
ita), 4,665,931 pounds of cheese, and 789, 448 pounds of butter were imported, according to the records of , 
customs offices of Puerto Rico. Twenty-sixth Annual Report of the Governor of Puerto Rico, pp. 19, 22. 

an Juan. 

rng Handbook of Dairy Statistics, by T. R. Pirtle. U.S. Department of Agriculture. Washington, 


12 In December, 1929, birth registration was only 55 per cent complete, according to the Report of the 
Commissioner of Health of Puerto Rico for the Fiscal Year 1930, p.8 (San Juan). From October, 1930, to 
February, 1931, the United States Bureau of the Census made tests of the completeness of birth and death 
registration in Puerto Rico to determine whether the island was eligible for admission to the United States 
birth and death registration areas. Birth registration was soon found to be extremely poor, and the birth- 
registration tests were discontinued. The death-registration tests showed that 90 per cent or more of the 
deaths were registered (the percentage of completeness required for admission to the death-registration 
area). The island authorities took the requisite administrative steps to gain admission, and Puerto Rico 
was admitted to the death-registration area as of 1932. 

18 Causal Factors in Infant Mortality, by Robert Morse Woodbury. U.S, Children’s Bureau Publica- 
tion No. 142. Washington, 1925, 
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their illiteracy, their ignorance in matters of child health, and the 
prevalence of disease in the island. 

On account of incomplete birth registration infant mortality rates 
in Puerto Rico are probably far from accurate. The rates are given, 
however, to indicate the general trend, as follows: 


Deaths of Deaths of 
infants infants 
under 1 year under : a 
per 1,000 per 1,000 
Fiscal year live births 4 | Fiscal year live births “ 
LR) | Rai cp ee PR Na BCU ES 27) 8. ee a eee ee eae ees 150 
£3 yb pale i RR il We Prete ho ee ee 167 
(1) (2) 1 TRE see See ee oe aera POD seer eee 2 8 i os ee Se 46 
|i? 72 Y. 5 Spies Be legge ogee pe Lae eee 20 os A Te Ee 15179 
[i S27 Bilese? SES aa eee oa DAR Ne OO oe ed suet he 133 
CS EES aaa eee 148 


The infant mortality from gastrointestinal diseases is perhaps an 
even better index of the unfavorable social and economic conditions 
affecting the health of young children than the infant mortality as a 
whole, since infant deaths from these diseases are known to result in 
even larger measure from poverty and from ignorance of methods of 
proper feeding and care. In Puerto Rico the mortality rate from 
diarrhea and enteritis for childfen under 1 year was 41.2 deaths per 
1,000 live births in the fiscal year 1924-25, 45.1 in 1925-26, and 55.8 in 
1926-27." The incompleteness of birth registration affects these 
rates as it does the total rate. Though the situation in Puerto Rico 
is not comparable with that in the United States, it is of interest to 
note that the rate from diarrhea and enteritis in the United States 
birth-registration area for the calendar year 1925 was 11.2 deaths per 
1,000 live births, for 1926 it was 9.7, and for 1927 it was 7.8." 


COMMUNICABLE DISEASES 


The communicable diseases that constitute the greatest menace to 
the health of the people of Puerto Rico are hookworm, malaria, tuber- 
culosis, and syphilis. The actual incidence of these diseases in the 
island can not be stated with any degree of accuracy. Because of the 
inadequacy of medical care and of facilities for diagnosis and treatment 
in the rural districts, the reporting of disease is far from complete. In 
1926 there was 1 physician for every 4,500 persons in Puerto Rico; but 
as nearly half the physicians in the island were in San Juan and Ponce, 
the rural population had only 1 physician for every 6,800 persons." 

Some of the physicians have very wide areas to cover; and since it 
is often impossible for them to see sick persons before they die, they 
can only guess the cause of death. Moreover, there are undoubtedly 
many persons with communicable diseases who are never seen by a 
physician. 

Hookworm disease. 


For a long time hookworm disease has infected the people of Puerto 
Rico, stunting the children and incapacitating the adults. That 


4 A ag os of the Commissioner of Health of Puerto Rico for the Fiscal Year 1925, p. 121; 1927, p. 133; 1930, 


p. 29. San Juan 

16 The hurricane of 1928 directly or indirectly caused many deaths, which are reflected in the increased 
infant mortality rate. 

16 Report of the Commissioner of Health of Puerto Rico for the Fiscal Year 1925 (p. 100 and Appendix 
— not numbered); 1926 (p. 101 and Appendix Table 25); and 1927 (p. 131 and Appendix Table 26). San 


“Ti Birth, Stillbirth, and Infant Mortality Statistics. U.S. Bureau of the Census, 1925, pp. 2 and 195; 1926, 
pp. and 200; and 1927, pp. 2 and 194. Washington 
8 ieeet of the Co ssioner of Health of Brarto Rico for the Fiscal Year 1926, p, 99, San Juan, 
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hookworm disease was prevalent in 1926 and 1927 is shown by the 
very large number of cases that were found wherever special investi- 
gation was made. Of the 67,727 rural inhabitants who were examined 
in 1926 the proportion found to be infected was 85 per cent; of 86,029 
examined in 1927 the proportion infected was 67 per cent.’® The pro- 
portion of infected persons living in the large cities, such as San Juan 
and Ponce, was not reported, but it is believed that at the time of the 
study 50 per cent of the people in the small towns were infected.” 
Intensive work is being carried on by the bureau of rural sanitation of 
the insular department of health to eradicate the disease, and each 
year the effect of the treatments given and of the education of the 
people in modern methods of sanitation and in prevention of the 
disease is becoming more widespread throughout the island. 

The incidence of hookworm disease in the group of children included 
in this study is not known because appropriate laboratory tests could 
not be undertaken. As the group was primarily an urban one and as 
a large proportion of the children were little exposed to the disease 
because they were too young to walk, it is probable that the incidence 
was not high. 


Malaria. 


Malaria was reported most frequently from the lower lands of the 
coastal plain, especially in the regions of the sugar plantations, where 
irrigation is extensive. Since malaria is not as a rule fatal, mortality 
statistics give little idea of the prevalence of the disease or of the 
economic waste that results from it. The incidence of the disease 
varies greatly even within a single municipality, depending on the 
nearness of the dwellings to the irrigated districts. The proportion of 
infected persons in the lowland districts has been found to vary from 
25 per cent to as high as 75 per cent in certain small colonies." The 
economic loss due to incapacity for work during an attack of malaria 
is great. In the malaria districts many children were infected; in 
Fajardo, a town on the east coast of the island, 45 per cent ” of the 
cases treated by the department of health in 1926 occurred in children 
under 15 years of age. No attempt was made to determine the 
incidence of malaria in the group of children included in this study, 
since blood examinations were not possible. As, however, only 6 per 
cent of the group were found to have enlarged spleens, it is probable 
that the incidence of malaria was not high. 


Tuberculosis. 


The incidence of tuberculosis was reported from all but two of the 
municipalities during the fiscal year 1926-27, the largest number of 
cases being reported from the large cities and towns where special 
diagnostic and therapeutic clinics were held. The tuberculosis death 
rates were very high, and it is probable that if the causes of death had 
been reported accurately they would have been still higher. It has 
been estimated * that the number of deaths from tuberculosis in 
Puerto Rico is twice as great as is actually reported. In 1926-27 the 
reported rate of deaths from tuberculosis for the island as a whole was 
267 for every 100,000 population, whereas in the cities of San Juan and 


19 Report of the Commissioner of Health of Puerto Rico for the Fiscal Year 1926, p. 41; 1927, p. 61. San 


uan. 
2 Tbid., 1925, p. 33. 
2 iad pe 1 ep ornare of Health of Puerto Rico for the Fiscal Year 1925, pp. 77-84. San Juan. 
id., » D. 53. 
#8 Personal communication (Feb. 1, 1930) from Dr. G. S. Pesquera, who, under the auspices of the National 
Tuberculosis Association, has studied the morbidity and mortality from tuberculosis in Puerto Rico, 
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- the deaths attributed to other causes, such as congenital debility, 

_ broncho-pneumonia, acute bronchitis, meningitis, or even enteritis, 
may have been due to tuberculosis. 
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Ponce it was 455 and 389, respectively.4 The maximum rate of 662 
deaths for every 100,000 population for this same year was reported 
from the city of Rio Piedras, *4 where an active campaign for the control 
of tuberculosis had been begun. It should be remembered that at the 
time of the study death registration in Puerto Rico was inaccurate. 

The rates of death from tuberculosis for Puerto Rico for the fiscal 
years 1923-24 to 1929-30 and the rates for the United States death- 
registration area for the corresponding periods show striking differ- 
ences. The tuberculosis death rates for every 100,000 population were: 


Puerto Rico (fiscal years) % U. S. death-registration area (calendar years) %6 
pO ot GS ae re er DOB nO oe 94 
(OD a ar ee pig al ig 1 0 ~ SaS ae ea EAR e tlnd ae eie te 90 
8 ATRIA AOR Sais Sei Soa a AR aaa a TERN co ae ee ee 87 
Dv roy cu az ES Ss ie ee D267 lle os a ERE ORS re ie 87 
Nee oe 6 sei ihe DOT ME ea eee fe oie ht ss ever beh 81 
0) 2) Sie Beis Pee ae ee ee Leo 11 68 san 0: Ses ee pe ceecs tae Mnee eae am 79 
i 9 | Bl te ARS SGN tec Sia nana RY Sly DO Dee ce ee ee tn 76 


The reported rates of death from tuberculosis are approximately 
three times as high for Puerto Rico as for continental United States, 
and the rates for the United States decreased during the period from 
1923 to 1929, while those for Puerto Rico were increasing. The 
increase in rate for Puerto Rico may indicate that conditions have 
been growing worse or that better diagnostic work is being done and 
more complete reports of deaths are being made. Public-health 
officers generally believe, as a result of a demonstration made in 
Framingham, Mass.,”* that for every death from tuberculosis reported 
in a community nine active cases exist. On this basis, in 1926-27 
when 3,842 deaths from tuberculosis were reported in Puerto Rico,” 
there would have been at least 34,578 active cases. 

Such a high incidence of tuberculosis can not fail to have a very 
grave effect on the rates of morbidity and mortality in infancy and 
early childhood. What proportion of infants and young children in 
any community become infected is not known; but under the Puerto 
Rican conditions of crowding and inadequate diet, it would not be 
surprising to find that tuberculosis is playing afar more important 

art in the infant morbidity and mortality rates than is now suspected. 
= 1926-27, of the 3,842 deaths reported as caused by tuberculosis, 


_ 270 (7 per ‘cent) were deaths of children under 15 years of age; of 


these 270, 27 were children under 1 year of age and 36 were children 
1 to 2 years of age.” It is recognized now that infants and young 
children become infected with tuberculosis very easily and that the 


death rate among young infants so infected is very high, and it is 


known that the younger the infant the less likely is the diagnosis of 
hate It seems probable, therefore, that many of 


% Report of the Commissioner of Health of Puerto Rico for the Fiscal Year, 1927, p. 135. San Ji 

2 Report of the Commissioner of Health of Puerto Rico for the Fiscal Year 1925, p. be 1927, p. 136; 1930, 

p. 70; and T'wenty-Eighth Annual Report of the Governor of Puerto Rico, Fiscal Yea 1928, p 46. 

Ps Mortality Statistics (annual), 1923-1929. U.S. Bureau of the Census, Washingto: 

# Conditions due to the hurricane of 1928 undoubtedly were responsible for the eosilly high tubercu- 
losis death rates during the time immediately following it. 

% blag ey Community Health and Tuberculosis Demonstration of the National Tuberculosis Asso- 
ciation. Final Summary Report, 1917-1923, inclusive. Framingham, Mass., 1924. 

® Report of the Gamtulaiocar of Health of Puerto Rico for the Fiscal Year 1927, p. 1 

%#® Report of the Commissioner of Health of Puerto Rico for the Fiscal Year 1927, fe EST Table, Mor- 
tality from Tuberculosis, and Appendix Tables 26 and 27, 
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In the present study it was found that of 449 families for whom 
a report was obtained concerning tuberculosis, 182 (41 per cent) gave 
a history of this disease; that is, some member of the family was 


; 


reported either to have the disease at the time of the investigation 


or to have died of it. The history of tuberculosis was given by some- 
what more families living in Ponce and in the crowded tenements of 
San Juan proper than in the less crowded districts on the outskirts 
of San Juan. 

Syphilis. 

At the time of the study it was the belief of the staff of the insular 
department of health that syphilis was very common in Puerto Rico, 
but no figures were available that gave an accurate picture of the 
incidence of the disease in the island as a whole. In the course of 
this investigation approximately 300 of the 506 families visited re- 
ported that “Wassermann tests had been made and that in 66 of these 
(22 per cent) one or both parents of the children examined had posi- 
tive reactions. It is probable, however, that this figure does not 
represent the true incidence of syphilis in the community, since the 
group studied were families known for one reason or another to the 
staff members of the department of health, and a certain proportion 
may have come to their attention because syphilis had been diagnosed 
or suspected. As will be pointed out in a later section (p. 33), the 
incidence of syphilis found at clinical examination in the children 
was relatively small compared with the reported incidence in the 


parents. 
CAUSES OF DEATH AMONG CHILDREN 


As part of the general inquiry regarding the health conditions under 
which the children were living, information was sought on the num- 
ber of deaths that had occurred among the brothers and sisters of 
the children examined previous to the date of the interview. The 
total number of these deaths, the cause of death, and the age at death, 
as reported by the mothers, are shown in Table 1: 


TaBLe 1.—Cause of death and age at death (as reported by mother); brothers and 
sisters of children examined in Puerto Rico 


Brothers and sisters of children examined 


Age at death 
Cause of death 


Total h, 6 Saree 


Under 1 | 1 mont 
under 6” 


lyear | Not re- 
and over| ported 


1 year 

Ar Onda! 22 22kbtetlt Sposa. sae 60 58 167 33 
IHUSES ROW UW oo sen cone ow eeec uote ores 53 57 151 4 
Communicable diseases_-_--..---.---- 19 24 49 2 
Diseases of respiratory tract 5 5 48) 152. See 
Diseases of digestive tract__..-..------ 9 13 py i) Gee Dekh 
NEG UIUUE RUG: > a= Se eve sect sc ke 10 15 3672). cee 
Senses OF Rar ly anfan Oyic -<seade cuties eh iyo Bell ths eres ee omnlion atone eae] Gama 2 
Diseases of nervous system_-__--..----- Sit on meee Pp reeee 
HURBOTNOMORUSOS 22> Basho 5 ea koe oO ae ai ea ome ie aed SSeS! Sed 

(AUT GTRRY CROSOB 25 5 cco wt n aoe (fs, Papeete = 14, Fees 
OCauces tmknOW i ccescy ore ses eae 7 1 16 29 


The age distribution of the deaths that occurred among children ~ 


under 1 year is strikingly different among this group of Puerto Rican 


/ 
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_ children from the distribution among children in the United States birth- 
registration area in 1927,*' as is shown in the following comparison: 


U.S. birth-regis- 


Puerto Rico tration area %2 
oo OSS. a a a eee 24 per cent 56 per cent 
1 month, under 6 months_________-__- 38 per cent 27 per cent 
anes, Gnoer | year. 37 per cent 17 per cent 


A proportion similar to that found in the present study is reported 
in a bulletin of the Department of Health of Puerto Rico by A. Fernos 
Isern and J. Rodriguez Pastor * who studied the ages at death of 
children dying in the first year of life. 

Though the large proportion of deaths of Puerto Rican children 
over 1 month of age, and especially of those over 6 months, may be 
accounted for to a great extent by the high incidence of gastrointes- 
tinal diseases as a cause of death, it will be seen from the tabulation 
on page 12 that communicable diseases and diseases of the respiratory 
tract are also important as causes of death in this age period. Con- 
versely, the relatively small proportion of deaths of infants over 1 
month of age in continental United States may be accounted for by 
_ the reduction in the number of deaths from gastrointestinal diseases 
and, to some extent, communicable and respiratory diseases. 

The large proportion of deaths from communicable disease among 
the children in the families studied in Puerto Rico—more than one- 
third of the total—is striking. Meningitis was said to have caused 40 
deaths; tetanus, 18; measles, 14; influenza, 6; malaria, typhoid fever, 
and whooping cough, 5 each; tuberculosis of glands or of bones, 4; 
syphilis and diphtheria, 2 each; and scarlet fever, 1. Thedeaths from 
meningitis are of special interest. The reports of the commissioner 
of health for the years 1925 to 1927 include, each year, approximately 
250 cases of simple meningitis, largely occurring in children under 2 
years of age, but no cases of epidemic cerebrospinal meningitis. In 
the absence of this latter form of meningitis and in view of the known 
high rate of deaths from tuberculosis in the population as a whole, 
it would seem likely that the simple meningitis was in most instances 
of tuberculous origin. Of the 40 deaths from meningitis reported, 
35 were said to have occurred in children under 2 years. That tuber- 
culosis was not generally recognized in Puerto Rico as a cause of death 
in infancy and early childhood is brought out by the fact that no case 
of pulmonary tuberculosis was reported in this group, and only four 
cases of bone or gland tuberculosis. 

Diseases of the digestive system and malnutrition together account- 
ed for two-fifths of all the deaths reported; respiratory diseases for 
only one-tenth, a smaller proportion, perhaps, than might have 
been expected. 

The causes of death here reported would indicate that a large pro- 
; ae of the deaths probably are preventable. Control of tubercu- 

osis and other communicable diseases, better food, and better eco- 
nomic conditions would undoubtedly do much toward reducing the 
mortality rate among children. 


31 The age of death for Puerto Rican infants is that remembered and reported by the mother; the age of 
death in the United States birth-registration area is that given on the death certificate. Theage reports are 
in all rte hatnpe less accurate in Puerto Rico than in the United States, but the differences are so striking 
that they are given in spite of probable inaccuracies in the Puerto Rican percentages. 

#2 Birth, Stillbirth, and Infant Mortality Statistics, pt. 1, 1927, p. 186. U.S. Bureau of the Census. 


ashington, 1929. 
_ % Estudio de Ja Mortalidad Infantil en Puerto Rico, p, 24. San Juan. 


METHOD OF INVESTIGATION 


During the 6 weeks of the study 584 children, in 534 families, 
ranging in age from 1 to 34 months, were given both physical and — 
roentgenographic examinations. In most of the families 1 child was 
examined, the youngest. In 50 families 2 children were examined, the — 
youngest and the next to youngest. Data on the socio-economic con- — 
ditions under which these children were living were obtained at home ~ 
visits to 506 families (556 children). The families of 28 of the children 
examined could not be visited. 

The families of these children lived in the largest cities of the island, 
San Juan and Ponce. Some, including a few from the rural districts, 
lived on the outskirts of San Juan. 

In order that the results of the examinations might be comparable — 
with the material collected in the New Haven study, the method of 
investigation was duplicated as far as possible in every detail. The 
personnel—two physicians, two social investigators, a roentgenologist, — 
and a secretary—was the same as that conducting the New Haven 
study; the technique of examinations, both physical and roentgeno- 
grap ic, was in all respects identical with that of the previous study; — 
the same record forms were used by physicians and social investigators. 
The most variable element was the clinical judgment of the physicians. 
Though every attempt was made to maintain the same basis for — 

judging the physical condition and development of the children as — 
Hae been used in New Haven, it is probable that the great prevalence 
of poorly nourished children so influenced the physicians that the © 
whole scale of clinical estimate was lowered from that used by them 
in New Haven. With regard to the clinical evidences of rickets, it is — 
possible that the examiners, in their efforts not to overlook or discount 
signs that might be considered clinical evidences of the disease, 
counted signs as positive, which under other conditions would have 
been disregarded. It is possible that errors have been made, but if so, 
they have been made in the direction of reporting the nutritional con- 
dition of the children to be better than it actually was and of making © 
diagnoses of clinical rickets when perhaps not wholly justified. 


SOURCE OF MATERIAL AND SELECTION OF CASES 


Examinations were made only in San Juan and Ponce, where — 
roentgen-ray equipment was available. In San Juan they were made 
at the roentgen-ray laboratory of the insular department of health — 
and at the Presbyterian Hospital; in Ponce, at the Hospital Asilo 
des Damas. At each of these institutions every consideration was 
given to the needs of the investigation. The division of the examina- 
tions between the two cities proved to be of considerable interest — 
because of the difference in exposure to sunlight already referred to — 
(p. 3) and in the economic condition of the people, which will be 
discussed in later sections. . 
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Most of the children examined were brought from the well-baby 
conferences conducted in San Juan and Ponce by the bureau of social 
medicine of the insular department of health. In San Juan a few of 
the children examined belonged in families living in the immediate 
neighborhood of the roentgen-ray laboratory of the department of 
health, and a few were brought to the Presbyterian Hospital clinic 
from the rural districts. Practically all were children already known 
to the visiting nurses of the department of health. The mothers with 
their babies and little children gathered at their local well-baby 
station and were taken to the place of examination in ambulances 
belonging to the department of health. An average of 20 children a 
day were seen. 

The nurses who arranged for the children to be brought for examina- 
tion were asked to select children who were under 2 years of age, 

rincipally infants under 1 year. Special effort was made to examine 
infants under 1 year, as the earliest roentgen-ray evidence of rickets 
had been found in children at this age in New Haven. The nurses 
were requested also to select supposedly well children, such as would 
be brought to a well-baby station, and to eliminate children who were 
known to have an infectious disease. (It was impossible to eliminate 
entirely children who were suffering from nutritional disorders, espe- 
cially in the group over 1 year of age, and also a few children obviously 
having one infectious disease or another were seen.) As a result of 
this selection, the group of children examined probably did not repre- 
sent a true sample of the children of Puerto Rican cities; they were 
probably somewhat better nourished and less likely to have an infec- 
tious disease than the average. 


COLLECTION OF SOCIAL AND ECONOMIC DATA 


The social and economic data were collected by two investigators 
who had gathered the same type of information in New Haven. Some 
adaptations in the method of collecting data were necessary because of 
the many differences in the customs of the people, their language, and 
their diet. Fortunately for the success of the study, nurses and social 
workers from the insular department of health were assigned to assist 
the Children’s Bureau investigators and to act as interpreters. The 
familiarity of these local workers with the customs of the people made 
their help invaluable. A large proportion of this interpreting was 
done by nurses who already knew the families of the children. 

Information was also sought regarding any illnesses that the child 
under observation had had, the occurrence in the family, so far as was 
known, of tuberculosis and syphilis, and the number of children in the 
family who had died, and the causes of these deaths, if known. 

At the home visits information was obtained with regard to the 
social and economic situation of the family, their diet, and the availa- 
bility of sunlight in the house or yard, as well as the family custom 
with respect to exposing infants to sunlight. A detailed discussion of 
each of these general subjects will be found in later sections, but it may 
be said here that the social and economic data covered in general the 
size and membership of the family and of the household; the number 
of rooms in which the household lived; the type of house or dwelling; 
the income on which the family was maintained and its source; the 
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employment of father and mother and of others in the household; and, 
if the father was unemployed, the period of unemployment. 

The accuracy of the data regarding diets was at first seriously ques- 
tioned by the investigators. By careful questioning, however, and by 
observation of the meals being prepared in the homes and the provi- 
sions being purchased in the markets, the investigators became con- 
vinced that the data were essentially accurate and gave a true picture 
of the food eaten by the families whose children were studied. The 
uniformity of the diets in the great majority of households was notice- 
able. The data recorded consisted of an estimate of the total quantity 
of certain foods purchased by the family for a week and the frequency 
with which they were used; a detailed statement of the food eaten by 
the mother on the day previous to the investigator’s visit; estimates 
of variations in her diet during any recent periods of pregnancy and 
lactation; and as detailed a statement as possible of the food eaten by 
the child throughout his life. 


PHYSICAL CONDITION OF CHILDREN EXAMINED 


The general physical condition of the children was found to be far 
from satisfactory. Even from casual observation of the children in 
the streets, the examining physicians received the impression that 
many children were very poorly nourished, an impression that was 
fully corroborated by careful physical examinations. As has been 
pointed out, it is probable that the children who were examined belong 
to a group of families somewhat more intelligent than the average, who 
had taken advantage of the medical and nursing service offered by the 
health department. It is possible that the group was weighted with 
somewhat better nourished children than the average, especially 
among the younger children. 


PHYSICAL EXAMINATION 


Though a complete clinical estimate of the physical condition of a 
child should take into consideration all factors contributing to growth, 
development, and health, it was found essential in this investigation 
to limit the study of the physical condition to the factors that had a 
bearing on the development of rickets. Since rickets is primarily 
a disturbance of the nutritional processes, manifesting itself most 
strikingly in poor skeletal and muscular development, and since it is 
intimately associated with growth, as detailed a study as possible was 
made of those clinical evidences of satisfactory or unsatisfactory 
nutrition, which, when taken together, usually lead a physician to 
describe a child as ‘‘well nourished,” “undernourished,” or ‘poorly 
nourished.” In addition to a clinical examination of the bones for the 
signs usually considered to be indicative of rickets, certain measure- 
ments were taken to show the amount of skeletal growth and of body 
weight, and estimates made of the amount of subcutaneous fat, the 
development of the muscles, the color of the mucous membranes, the 
degree of natural pigmentation of the skin, and the extent of tanning. 
Routine examinations of the skin, eyes, ears, nose, throat, heart, lungs, 
and abdomen were made, and any evidences of disease or other infec- 
tion were recorded. Because of lack of time no systematic attempt 
was made to verify clinical impressions by laboratory procedures such 
as tuberculin or Wassermann tests or examination of blood or stools 
for parasites. Suggestion for follow-up of cases that needed treatment 
were made to the nurses in attendance at the clinic. 


SEX AND AGE 


Table 1a shows how the 584 children included in the study were dis- 
tributed according to sex and according to age at time of examination. 
It will be seen that 320 (more than one-half the children whose ages 
were reported) were 1 year old or less at time of examination and that 
171 (nearly one-third) were 6 months old or less. From the point of 
view of studying roentgenograms of the arm bones of young infants, 
this age distribution was satisfactory; from the point of view of study- 
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ing growth and nutrition it would have been desirable to include also 
more older children. 
There is no significant difference in the age distribution of the boys — 
and the girls. 
SKIN PIGMENTATION 


Many degrees of skin pigmentation may be seen in the Puerto 
Ricans, varying from that characteristic of the south European to that 
of the full-blooded negro. Since, in temperate climates, the degree of 
skin pigmentation associated with race seems to influence in some way 
the susceptibility of children to rickets, and since, if rickets was found 
in Puerto Rico, it was desirable to know whether it occurred more fre- 
quently in the lighter or the darker children, the children were classi- 
fied in four groups—according to whether their skin was light, medium, 
dark, or very dark. 


TABLE la.—Age at examination; boys and girls examined in Puerto Rico 


Children examined 


Girls 
Age 1 at examination 
Per cent Per cent 
ibu- | Number | distribu- | Number | distribu- 
tion tion 
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1 Age is given as of nearest month; that is, “under 4 months” is actually under 3 months and 16 days, 
“4 to 6 months”’ is from 3 months and 16 days to 6 months and 15 days, inclusive, and so on. 


Of the 584 children examined, 239 were classified as light, 191 as 
medium, 122 as dark, and 29 as very dark; for 3 children no report 
was made. It is obvious that a large proportion of the children 
examined were but lightly or moderately pigmented, representing a 
preponderance of Spanish stock. For most purposes of this study 
the dark and very dark groups will be combined, since they represent, 
on the whole, children largely of negro stock. 

It became clear at the beginning of the study that it would be 
impossible in many children to distinguish between pigmentation that 
was racial in origin and pigmentation that had been acquired by ex- 
posure to the sun. That an appreciable degree of the pigmentation 
was due to exposure is suggested by the definite preponderance in 
the light group of infants under 7 months of age, the age at which 
exposure to sun, with consequent tanning, was likely to be least com- 
mon (see p. 19), and by the fact that the children in the medium 
and in the two darker groups were in general older than those in the 
light group. Undoubtedly the increasing depth of pigmentation that 
the older children showed was due, in some part at pe to the in- 
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_ creased exposure to the sun that took place as the children grew 
_ older and were able to get outdoors by themselves. 

Though it was assumed at the beginning of the study that Puerto 
- Rican children not only had access to sunlight that was adequate 
_ to prevent rickets, but were probably exposed to it constantly, never- 
theless it seemed worth while to record the presence or absence of 
tanning of the skin, since this could be used as objective evidence 
that such exposure had or had not taken place. It was, of course, 
realized that the absence of tanning did not necessarily mean 
that no exposure to the sun had taken place, since slight degrees 
of tanning are difficult to recognize and may easily be overlooked in 
persons whose skin is already somewhat pigmented. The presence 
‘of tanning (distinguished from racial pigmentation whenever possible 
= examination of parts of the skin that were usually covered with 
clothing) was, however, taken as positive evidence of exposure to 
sunlight, and has been used as such in connection with the study of 
the roentgenograms of the bones and of certain aspects of the physical 
examination. 

Of the 584 children examined in Puerto Rico, 386 were reported 
as tanned and 188 as not tanned; for 10 children no report was made. 
Of the tanned children 79 were tanned on face, neck, and hands only, 
245 on arms and legs in addition to face, neck, and hands, and 53 
over the whole body; for 9 the extent of tanning was not reported. 
Though many children under 7 months of age are customarily taken 
out of doors almost daily, a large proportion of them do not receive 
enough direct sunlight for tanning to show. At the examination of 
children of this age group only one-third were found to be tanned. 
It should perhaps be added, however, that even though in many chil- 
dren the amount of exposure possible at this age is not sufficient to 
produce tanning, nevertheless, as will be shown later, the exposure 
is enough to prevent the development of rickets in practically all.** 
During the second six months of life a considerable increase in expo- 
sure evidently took place, since approximately three-quarters of the 
children in this age group showed tanning. After this the proportion 
showing tanning increased still more, until in the oldest group (19 to 
34 months) it was found in more than 90 per cent. 

That geographical conditions even within such a relatively small 
territory as Puerto Rico may also make a difference in a child’s expo- 
sure to sunlight is shown by the fact that more of the children were 
tanned in Ponce (76 per cent) than in San Juan, 35 miles away (63 
per cent). This difference may be due partly to the difference in 
structure of the houses (see p. 71), but it is probably due mostly to 
the more continuous sunlight and drier climate of Ponce. 


SKELETAL GROWTH AND BODY WEIGHT 


Certain body measurements, namely, weight, height, and head cir- 
cumference, were taken for the purpose of studying the general trend 
of growth of this group of Puerto Rican children in comparison with 
the trend of rad oe children in continental United States as a whole 
and in New Haven. 

The weighing was done on balance scales by one of the public-health 
nurses. The weight was taken with the child stripped and was re- 


rahe cet el ira stone rine 5) isis resi h 3 OP mrt at ee ga se 
_. & The large proportion of children that are breast fed during their first eight months (see p. 93) and the 
_ Jong daily exposure of the mothers to the intense sunlight should be mentioned in this connection, 
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corded in pounds and ounces, later converted into kilograms for the 
sake of having the unit of measurement conform to that of other 
series of measurements with which they were to be compared. 

The measurements of height and head circumference were made 
by one of the physicians, assisted by a nurse, and recorded to the 
nearest millimeter. 

The crown-heel length or height was taken with a measuring board ® 
that had been used in similar studies in New Haven. The child was 
laid flat on his back in the concavity of the measuring board, with 
the crown of his head touching the headpiece of the board. The 
nurse held the child’s head in this position and helped to keep his 
body straight and flat on the board. The crown-heel length was 
measured by bringing the footpiece into contact with the soles of 
both feet. Care was taken to read and record only measurements 
made when the footpiece was in contact with the child’s heels, and 
not merely in contact with the balls of his feet. The knees were 
kept fully extended. 

The occipito-frontal circumference of the head was measured with 
a steel tape drawn snugly around the head and the measurement 
recorded to the nearest millimeter. Care was taken to obtain the 
circumference of the largest part of the head. 

In order to show the trends of growth among the Puerto Rican 
children, curves have been fitted * to the average weight, height, and 
head circumference of children of each month of age from 1 to 33 
months—boys and girls—and these curves are shown in Charts I to 
IV. The trend of the weight-for-height relation is shown in Chart V 
by straight lines fitted to the average weight for height. In studying 
these trends the reader should bear in mind that the Puerto Rican 
children are a mixed group of Spanish and Negro stock, with possibly 
a slight admixture of Indian—a fact that among others may influence 
their growth in height. 

For the sake of comparison trends of growth in weight and height 
for groups of children in continental United States, reported by the 
Children’s Bureau in 1921, are shown also on the charts. The curves 
show the smoothed averages of weight for age and height for age for 
United States white children and the observed averages for weight 
and for height of United States negro children and for United States 
white children whose mothers were born in Italy.” Figures forchildren 
of Spanish stock are not available. Those for children of Italian 
mothers represent a south European group and are given as the next 
best basis for comparison. 

The trend of growth in head circumference of the Puerto Rican boys 
and girls examined has been compared with that for white boys and 
girls measured in New Haven, excluding children of south European 
stock.*® The curves are based on children 1 to 60 months of age; but 
as the Puerto Rican children included were all under 34 months, ‘only 
the sections of the curves representing New Haven children under 34 


% The measuring board is 1 meter long, solidly constructed of well-seasoned, matched wood, with a con- 
cavity for the child to lie in and a meter measuring stick inlaid on each side. It has a fixed headpiece and 
also a movable footpiece that slides in two grooves, one on each side of the board, parallel to the meter meas- 
uring sticks. Measurements can be read on either of the two measuring sticks. 

%® Observed data, smoothed values, and equations of curves are given in Appendix A, p. 100. 

87 Statures and Weights of Children under Six Years of sae ey Robert M. Woodbury, pp. 85, 102, 104. 
U. 8. Children’s Bureau Publication No. 87. Washington, 1 

38 Data collected during study made by the U.S. Children’s anal in cooperation with the department 

of pediatrics, Yale University School of Medicine (unpublished), 
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- months are presented. The trends of growth in head circumference 
for negro children and for white children of south European stock 
(largely Italian) in New Haven so closely approximate the trends for 
_ New Haven white children (exclusive of south Europeans) that they 
are not reproduced. 

Charts I to IV show that these Puerto Rican boys and girls were 
lighter in weight and shorter in height and had slightly smaller heads 
than the reported groups of white children of continental United 
States of the same age and sex, and that they were lighter in weight 
and shorter than the reported group of negro silidests and the reported 


United States white boys whose mothers were born in Italy (4,366) 
United States Negro boys (1,406) 


a s @ © 


Month of age 


CHART I.—Average weight of boys 1 to 33 months of age examined in Puerto Rico, compared with 
averages for certain United States boys of the same age period 


oe of white children of Italian mothers. The difference in height 
etween the Puerto Rican children and the white children of conti- 
nental United States is roughly 2 centimeters or less during the period 
from 1 to 6 or 7 months, 3 centimeters from then to the thirteenth or 
fifteenth month, and 4 centimeters thereafter. The difference for 
both boys and girls from the sixth month onward is 4 to 5 per cent. 
The trends of growth in height for the Puerto Rican children after the 
first few months of life parallel fairly closely those for the white 
children of continental United States, and the monthly percentage 


- increment in the two groups is fairly similar. Skeletal growth in 


height proceeds for both groups at approximately the same rate, 
though the average height of the Puerto Ricans is somewhat less than 
_ that of the white children of continental United States. 
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The difference in head circumference between the Puerto Rican 
children and the New Haven white children is practically constant 
throughout the age period represented by the curves. 

The differences in weight, however, are striking. During the early 
months of the first year the differences between the Puerto Rican 
children and the white children of continental United States of the 
same sex are at a minimum—3 to 5 per cent for girls in the second, 
third, and fourth months, and 6 per cent for boys in the second and ~ 
third months. With increasing age there is increasing difference in _ 
the average weights of the Puerto Rican girls and the white girls of 


continental United States, the maximum, 14 per cent, being reached 


ee Puerto Rican girls (264) 

wane United States white girls (more than 45,000) 

x United States white girls whose mothers were bornin Italy (4,226) 
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CuartT II.—Average weight of girls 1 to 33 months of age examined in Puerto eae compared with 


averages for certain United States girls of the same age period _ 
in the thirty-second and thirty-third months. In the averages for 
boys the maximum percentage difference (14 per cent) occurs between 
the ninth and eleventh months. From the twelfth to the twenty- 
third months the average Puerto Rican boy weighs 13 per cent less 
than the average white boy of the same age in continental United 
States, and from the twenty-fourth month onward 12 per cent less. 
The averages for negro children and for white children of Italian 


mothers (both in continental United States) are much closer to the — 
averages for white children in continental United States than are the — 


averages for the Puerto Rican children. 


Differences in growth in height, weight, and head circumference _ 


for age are evident between Puerto Rican children and white chil- 
dren in continental United States. These differences appear in the 


skeletal framework and are indicated by the curves showing height ° ; 
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for age and head circumference for age. The differences in average 
weight are proportionately greater than the differences in either stat- 
ure or head circumference and are probably too great to be accounted 
for only by the Puerto Rican child’s smaller skeletal framework. In 
the early months of life the differences in height and weight are in 
general hae than in later months. Doubtless ethnic stock, climate, 
disease, and general economic and social conditions, such as family in- 
come and diet, affect the Puerto Rican children so as to lead to these 


differences. 


Chart V shows the straight lines that have been fitted to the average 


weight for height of Puerto Rican boys and girls 1 to 33 months of age 


_ Rican children.** Similar averages 
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CHART III.—Average height of boys 1 to 33 months of age examined in Puerto Rico, compared with aver- 
ages for certain United States boys of the same age period; average head circumference of same Puerto 
Rican boys compared with averages for white boys examined in New Haven 


and to the average weight for height of white boys and girls in conti- 
nental United States of approximately the same height as the Puerto 

for negro and Italian children of 
this age group are not available. The oldest children of the group 


_ of white children in continental United States were arta younger 


. than the oldest of the Puerto Rican children studied. 


he chart 
shows that the relation between height and weight among both boys 
and girls in Puerto Rico is very similar to that in continental United 
States. The similarity of these weight-for-height curves suggests 
that these measures are not sufficient indexes of growth and develop- 
ment. Certainly the general physical appearance of the children 
indicated that they were much below par according to clinical stand- 


38 Statures and Weights of Children under Six Years of Age, by Robert M. Woodbury, p. 107. U.S. 
Children’s Bureau Publication No. 87. Washington, 1921. 
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—— Puerto Rican girls (265 in height group; 266 in head-circumference group) 
---- United States white girls (more than 45,000)" 
x United States white girls whose mothers were born in Italy (4.226) 
° United States Negro girls (1,504) i 
+4 BH New Haven white girls (curve based on 334 girls! to 60 months; 
section shown represents trend for girls Ito 33 monthe) -o" 
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CuHart IV.—Average height of girls 1 to 33 months of age examined in Puerto Rico, compared with aver- 
ages for certain United States girls of the same age period; average head circumference of same Puerto 
Rican girls compared with averages for white girls examined in New Haven 


aeeees Puerto Rioan boys, 48 toS94em. in height (02) 
mma United States white boys, 50.8 to 91.4cm. In height (51,185) 
—— — Puerto Rican giris, 46 to 92 cm. inheight (270) 

United States white girls, 50.8 to 91.4 am. in height (51,529) 


Weight in kilograms 


Height in centimeters 


CHART V.—Average weight for height of boys and girls 1 to 33 months of age examined in PuertoRico, 
compared with averages for United States white boys and girls of about the same height 
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ards used by physicians for judging the nutritional state of children in 
continental United States. 


AMOUNT OF SUBCUTANEOUS FAT 


There is no doubt that the general nutritional condition cf the great 
majority of Puerto Rican children, as seen from a clinical point of view, 
was far from being as satisfactory as that of children in continental 
United States. Many of the most poorly nourished or atrophic chil- 
dren were in a class entirely outside the public-health experience of the 
physicians, and could be compared only with the children suffering 
from severe marasmus or starvation who are seen elsewhere in hospital 
wards. Excellently nourished children, moreover, were much less 
commonly found and then usually among the younger infants. The 
great mass of children belonged in a group whose nutritional condition 
would have been called fair or poor in continental United States. 
That the usual standard of gauging the physical condition of the 
children was not adhered to (because of the preponderance of poorly 
nourished children), but that a standard based on the range within the 
group itself was unintentionally substituted, will be shown later. 

The amount of subcutaneous fat was estimated for each Puerto 
Rican child and a grade given, as had been done for the New Haven 
children, on a scale of five grades: Very good, good, fair, poor, and very 
poor. It is realized that such clinical estimates are subjective and 
may vary to a considerable degree according to the judgment of the 
physician making the examination. That they may A be influenced 
greatly by the variations and extremes within the group under obser- 
vation at the time, is in general well recognized, and this has been 
illustrated clearly by the findings in the present study. 

It was without question the intention of the physicians who made the 
examinations in Puerto Rico to use the same standards for estimating 
subcutaneous fat as they had used in similar studies in New Haven, 
and so to have comparable data from the two places. However, in the 
face of the preponderance of poorly nourished children and the scar- 
city of really well-nourished ones, the judgment of the physicians with 
regard to estimating amounts of subcutaneous fat rapidly became 
warped, and unintentionally there occurred, in conformity with the 
variations within the group, a definite readjustment in their whole 
scale of values, as has been pointed out. Children who in New Haven 
would have been considered to have a ‘‘fair’’ amount of subcutaneous 
fat, were, because of this unconscious readjustment of standards, 
reported as having a “‘good’’ amount, and those who in New Haven 
would have been considered to have a “‘ poor’’ amount were reported as 
having a “fair” amount. There is little doubt that the ratings of the 
fat of these Puerto Rican children are high as compared with the 
ratings given in New Haven by the same physicians. 

Even though the results of the estimates of subcutaneous fat for the 
two groups are not, therefore, comparable, it may be assumed that the 
distribution of grades within each group is descriptive of that particu- 
lar group. Chart Va shows the percentage distribution of the grades of 
subcutaneous fat for children under 3 years of age—563 Puerto Rican 
children and 918 New Haven children, graphically recorded according 
to the scale descriptive of each group. It will be seen that, in spite of 
the differences in the descriptive scales, the Puerto Rican children 
have less satisfactory amounts of subcutaneous fat than the New 
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Haven children and also that there is a proportion of very poorly 
nourished Puerto Rican children that has no counterpart in the New 
Haven group. If, moreover, a readjustment of Puerto Rican grades 
were made by dropping each orade one point in order to bring the whole 
scale more nearly into correspondence with that used in New Haven, 
a better idea would be given of the actual contrast between the rea- 
sonably good condition of the New Haven children and the markedly 
unsatisfactory condition of the Puerto Ricans. 
RELATION OF AMOUNT OF SUBCUTANEOUS FAT TO SEX, AGE, AND SKIN 
PIGMENTATION 

The observers found no differences between boys and girls with 
regard to amount of subcutaneous fat. Study of the children by age 
groups, however, showed that the amounts of fat were on the whole 
more satisfactory for those who were under 7 months of age at the 
time of examination, ‘That breast feeding is probably responsible for 
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CuarT Va.—Percentage distribution of grades of subcutaneous fat of children examined in Puerto 
ico, compared with that of children examined in New Haven 


this, and poor artificial feeding for the less satisfactory nutritional 
condition found in the later months, is a reasonable assumption; this 
will be discussed later. 

It was the impression of the examiners that the children with the 
darkest pigmentation of the skin, that is, those who were predomi- 
nantly Negro, had more satisfactory amounts of subcutaneous fat than 
those with lighter skin pigmentation, that is, those who were predomi- 
nantly Spanish. This was shown to be true of the very dark group, 
since 26 out of 29 children in this group belonged in the “very good” 
or ‘‘good”’ grade for subcutaneous fat, and none in either the “poor” 
or the ‘‘very poor.”’ The light and medium groups, on the other hand, 
each had fewer children in the “‘very good” and “good” grades than 
did the dark and very dark groups combined. It may be that the 
darker-skinned children tend to thrive better in the tropical climate 
than do the lighter-skinned ones. Whether or not this is because the 
darker groups are indigenous to the Tropics and can therefore thrive, 
whereas the lighter groups whose forebears came from temperate 
regions can not, is not known. It is, of course, possible that racial 
factors account for the better development of the darker children. 


4 
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That exposure to sunlight may affect the nutritional processes 
directly, as in the prevention of rickets, is, of course, an accepted fact; 
that it may also affect other aspects of the nutritional process in some 
less direct way would seem to be possible. In an effort to find out 
whether recent exposure to sunlight had affected the child’s general 
nutritional condition, as evidenced by the amount of subcutaneous fat 
found at examination, the amount of subcutaneous fat found in chil- 
dren who were tanned was compared with the amount found in those 
who were not tanned. A larger proportion of the children who were 
tanned than of those who were not tanned had relatively good amounts 
of subcutaneous fat. Whether in this group of children living in the 
Tropics there is any real relation between exposure to sunlight and 
general nutritional condition as shown by the amount of subcutaneous 
fat, or whether the racial factors represented by the natural degree of 
pigmentation of the skin are of greater significance than the superim- 
pare tanning, can not be determined from this small group of cases; 

ut it seems clear that there is some association between the deeper 
degrees of pigmentation of the skin and the better amounts of subcu- 
taneous fat. 
MUSCULAR DEVELOPMENT 


Since a child’s muscular development is one of the indexes of his 
general physical condition and since it is commonly believed to be 
disturbed when rickets develops, an attempt was made to observe and 
estimate in a general way the muscular condition of each child at the 
physical examination, and to record the stage that he had attained in 
motor development. 

It was.the impression of the physicians that many more children in 
Puerto Rico than in New Haven showed weak, flabby muscles and 
relaxation of the joints and ligaments. The lack of good muscular 
development shown by the Puerto Rican children was perhaps most 
striking in their lack of resistance when being handled during the 
course of the examination. Many lay scmapletety relaxed through the 
various procedures of the examination, without showing the ordinary 
child’s resistance to being measured or to having a roentgenogram 
taken. The most marked cases of muscular relaxation were found in 
the children who were most malnourished. Poor muscle tone and 
relaxation of joints and ligaments seemed in general to accompany the 


less satisfactory amounts of subcutaneous fat; but, as will be shown 


later, there was no evidence that rickets had anything to do with the 
muscular condition. 
Muscle tone and relaxation of joints and ligaments. 

Nearly half (45 per cent) of the 553 children for whom a report was 
obtained showed either poor muscle tone or relaxation of joints and 
ligaments, or both. Of those who showed poor muscle tone, more 
than three-quarters, as would be expected, also showed relaxation of 
joints and ligaments. Poor muscle tone and relaxation both occurred 
more often in children who were over 6 months of age than in those 


- who were under 6 months. 


The association between unsatisfactory amounts of subcutaneous 
fat and poor muscular development, which seemed to exist at the time 
of examination, was borne out by the later analysis. Three-fourths of 
the children with good muscle tone and nearly three-fourths of those 
with no relaxation of joints and ligaments were in the groups having 

160326°—33—3 
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the more satisfactory amounts of subcutaneous fat. In all age groups ~ 


the child with poor muscular development was, in general, the one with 
the less satisfactory amount of subcutaneous fat. 
Pot-belly. 

One of the usual manifestations of poor muscular development is 


pot-belly. It is common knowledge that this frequently occurs in the © 


Tropics. Of the 578 children for whom a report was obtained on this 
item, 278 (48 per cent) had pot-belly, 119 of the 578 (21 per cent) toa 
moderate or marked degree. As will be shown later in the discussion 
of the clinical diagnosis of rickets, the presence of pot-belly, especially 
one of a moderate or marked degree, was occasionally the clinical evi- 
dence that swung a diagnosis from negative to questionable or from 
questionable to positive. It is true that in northern climates pot-belly 
frequently accompanies rickets, but that it may accompany other less 
specific disturbances of nutrition is often overlooked. When the 
child’s diet consists largely of carbohydrates, as it does in the Tropics, 
the size of the pot-belly is undoubtedly increased by the distension of 
the intestines. Practically half of the Puerto Rican children showed 


evidence of this poor musculature of the abdominal wall. That pot-_ 
belly in these children was associated with poor nutrition and not with — 


rickets is made clear by the negligible amount of rickets found at 
roentgen-ray examination. 


Motor development: Age of holding up head, sitting up, standing, and walking. : 


The progress in the muscular development of a child may be judged, 
though perhaps somewhat roughly, by the age at which he is able to 
perform certain acts requiring muscular strength and coordination of 
different muscle groups, such as holding up the head steadily when the 
trunk is supported, sitting up unsupported on a firm surface, standing 
alone, or walking without support. Since the first performance of 
these various acts takes place usually at rather definite stages during 
the first 15 or 18 months of a child’s life, the ages at which such first 
performances occur may be taken in a general way as an indication of 
the progress of an individual child’s muscular development, and these 
ages may be used to compare one group of children with another. 
Muscular development necessary to perform these acts at the usual 
age is dependent upon good health, proper nutrition, normal innerva- 
tion of the groups of muscles used, and normal mental development. 

Data concerning the ages at which these Puerto Rican children first 
held up their heads, sat up alone, stood alone, or walked alone were 
obtained from the mothers at the time of the home visit. Many of 
the mothers hsd not observed carefully or could not remember exactly 
when their children were able to do these various things; therefore the 
ages reported should be considered as approximate. 

Practically no sex differences were found in the ages at which each 
stage of motor development was accomplished, and therefore, the num- 
ber of boys and girls have been combined for the sake of uniformity in 
presentation of the data. 

Tables 2, 3, 4, and 5 show the ages at which the Puerto Rican chil- 
dren were reported to have held up their heads, sat up, stood, and 
walked, in comparison with the ages at which a group of unselected 
New Haven children were reported to have done these things.**” The 

38% The New Haven group includes children of older ages than the Puerto Rican, but the proportion 
completing the various stages of motor development at the specified ages is probably not influenced by 


the differences in the age distribution. For a comparison of the age at examination of the Puerto Rican 
and New Haven children see Table 12. 
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Puerto Rican children tended to stand and walk somewhat earlier than 
did the New Haven children. The ages at which Puerto Rican chil- 
dren first held up their heads and first sat up are somewhat more scat- 
tered in their percentage distribution than the ages at which the New 
Haven children reached the same stages of development. 


TABLE 2.—Age at holding wp head; children examined in Puerto Rico and in New 
Haven, Conn. 


Children examined | Children examined 
in Puerto Rico — in New Haven 


Age ! at holding up head, as reported by mother 


ge not reported 
Net ot holding. May ienes Ot Gate Or Oxamination. 02252 0° ess hap es BB eee ae 
Not reported whether holding up head_-_.---.-.---------------] 28 :|---------- 


Age is given as of nearest month; that is, ‘‘under 2 months” is actually under 1 month and 16 days, 
**2 months” is from 1 month and 16 ‘days to 2 months and 15 days, inclusive, and so on. 


TABLE 3.—Age at sitting alone; children examined in Puerto Rico and in New 
Haven, Conn. 


Children examined | Children examined 
in Puerto Rico in New Haven 


Age ! at sitting alone, as reported by mother 
Per cent 
distri- 
bution 


Number 


a ER SS ge ane Set a eee el an il ae | | A a 
3 sitting alone at date of er Oe ae ea | ey «| A ee 
F. I4Gt roported whether sitting alone...2_252-222.2221.2-82 ph 28 Leelee 


__1Age is given as of nearest month; that is, ‘under 5 months” is actually under 4 months and 16 days, 
“5 months” is from 4 months and 16 days to 5 months and 15 days, inclusive, and so on. 
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TaBLE 4.—Age at standing alone; children examined in Puerto Rico and in New 
Haven, Conn. 


Children examined | Children examined 


ee BOL POMOLUOG 222. est ooo ck Rh cece pee ee edeb enebee 
Not standing alone at date of examination-_--_-.-------.-------- 
Not reported whether standing alone___...........------.-_---- 


in Puerto Rico in New Haven . 
Age 1 at standing alone, as reported by mother f 

Per cent Per cent 
Number | distri- | Number | distri- : 
i bution ; 
F 
:.*" AR te eee omar Re AVORD A acon ope MerT el PANE RE fed ETS rn 
AC RMRRONCEna I EE eS Sy ol a ee ee aang 100 
Mets WONLNG.co.—2.. +. -s2-~<k ode cease sneeeL adage 5 ; 
PL a ape pega es eee ele arog eke ewe sre oS 10 @ 
Lj icle( il 0 Te ae are ee Peaponie ge ee gree oF araeceeerig ees eeme mena tpt Moe 17 j 
C11 7140210 | eRe ga EE retard etme algae ony ee AUS Mee nd. Sic Soa) © 22 ! 
VG Orie i a i aaa ee eerer a= Cera ien er eee 166 
RIE cs to. cucu aos dc ais em abe ecee ke ote “4 
Reames AMG OVE. 22 Slee ies 22 he eee cu ee 15 : 


1Age is given as of nearest month; that is, ‘under 8 months” is actually under 7 months and 16 days, 
“*8 months” is from 7 months and 16 days to 8 months and 15 days, inclusive, and so on. 


TaBLe 5.—Age at walking alone; children examined in Puerto Rico and in New 
Haven, Conn. 


Children examined 
in New Haven 


Children examined 
in Puerto Rico 


Age ! at walking alone, as reported by mother 


Per cent Per cent 

Number | distri- distri- 

bution bution 
MGs Gotoh Se Ces OU t Rie Le oie wos codacewecce esas > BBR dee ee A 
(AMO TOPO iwal ces cc cee eeupwustel SH oS ere eee ae 100 
Siuier tasnOmMOna. oo 2A A eee eabec bine ou tw waded eeasb eee 5 
SIP eRs.e Ubcats be et erate su so es eee 7 
Dia 1 11 uBR aid Sie ea RE SCA Sa | ar eed APNE SS es Scar 1l 
ied vei elt) 117 1 feRDe NGLAO eB Le ata ah Se Se ENS earch SG eknne eae tae carey Se 20 
CAE Cro) Pat ABE es Se SO Se e/a Re eet tes Sy Wears aren 14 
i TOR Ga ss anon teakee ese AU es SPS 16 
ih TVOMLPNAMNG 0 VORRS eS. oa oie Scan Sete cock iewe ues ecep ok 26 


MPO RGU RROMINNMLe. Csaveecso. chee lS a a Ga Pada ek a ee a coat ena pe eae Up 2) 
Not walking alone at:date of examination... _.-.....-........-<.] . $20 [.-<--...s.] -.. 6l#iisi ae 
Not reported whether walking alone_.-..........------.------] 2B Junta i. En Feseyts pu ee 


1A ge is given as of nearest month; that is, ‘under 10 months” is actually under 9 months and 16 days, 
“10 months” is from 9 months and 16 days to 10 months and 15 days, inclusive, and so on. 


Further comparison of the average age at which each stage of motor 
development was reached by the children in Puerto Rico and by those 
in New Haven shows differences which, though slight, indicate the 
earlier development of the Puerto Rican children. The average age 
of holding up the head for Puerto Rican children was 3 months; of 
sitting up, 6.7 months; of standing, 9.5 months; and of walking, 11.9 
months. The average age of holding up the head for New Haven 
children was 3 ieee ; of sitting up, 6.6 months; of standing, 10.6 
months; and of walking, 13.5 months. There is no difference between 
the averages of the two groups with respect to holding up the head and 
sitting, but there is a significant difference in favor of the Puerto 
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Rican children of about a month in the average age of standing and 
of walking. 

It is probable that various factors, many of which can not be eval- 
uated, have to do with this tendency to slight precocity on the part 
of the Puerto Rican children. It would seem possible, however, that 
the slower growth in height and weight Ee the almost complete 
absence of rickets in the Puerto Rican group may have some direct 
bearing on the situation, since it is pretty generally recognized that 
children of the small, slender, wiry type tend to develop in motor 
skill earlier than those of the large, heavy type, and also that motor 
development may be delayed when rickets is in its active stages. The 
poor muscle tone and the greater degree of relaxation-of the joints 
and ligaments observed at examination of these Puerto Rican chil- 
dren apparently did not affect their motor development. To what 
extent tropical sunlight (apart from its antirachitic effect), or dif- 
ferences in race, or habitual diet may influence muscular develop- 
ment can not, of course, be evaluated in such a small group of cases. 


ONSET OF DENTITION 


Closely associated with the growth and development of the skeleton 
in infancy is the development of the teeth. The age of eruption of the 
first deciduous teeth is often used as one gauge of physical development, 
and delay in eruption is thought to be one of the evidences of rickets. 
The age of eruption of the first teeth was reported by the mothers of 
336 Puerto Rican children and is shown in Table 6. This table shows 
also the age of eruption of the first teeth for 706 New Haven children. 
Comparison shows that the teeth of Puerto Rican children tend to 
erupt earlier than those of New Haven children. The average age 
of first eruption of teeth reported for Puerto Rican children was 7 
months, and that for New Haven children 7.3 months. 


TABLE 6.—Age at onset of dentition; children examined in Puerto Rico and in 
New Haven, Conn. 


Children examined | Children examined 
in Puerto Rico in New Haven 


Age ! at onset of dentition, as reported by mother 


SS ee 


0 EES Pa Ce ok eee eee Oe Pe ree sree cree Poe S84 Voss A es, 1186 es esas 

Ee” ae ATE Ts BO? REO ES 26 OR a Bee eT Se 336 100 706 100 

Me a ES Ea Se oA eee eae ae Kenyan 18 76 ll 

a aie OPE Pe oi trees | pe eee Ener Ee peaw ee er sees 108 3 231 33 
Ui eh REO ih Sehan S os cK Stale hn a wags wo a oh es 96 29 199 

A SS 1 SE 2 SINS 65 8 ee <a Oe ge k ee pee = PS 44 13 126 18 

en MEMNNNEREE CRORE COONS ia Nes ds dee bn ae oo 28 8 74 10 

nIOG MMMIONUMR cits fas 5 Sr Si) 35 ke At toe Mis sit. 2s 143 sce tos 

No sign of teeth at date of examination_____......._.-..-.------ SU ek ee pi BR oe, 

No report on onset of dentition ._.....................--.-..-.-- pS een Pe ag) Sea oe 


1 Age is given as of nearest month; that is, ‘‘under 5 months’’ is actually under 4 months and 16 days, 
“5 or 6 months” is from 4 months and 16 days to 6 months and 15 days, inclusive, and so on. 


COLOR OF MUCOUS MEMBRANES 


Because of the Eenerally poor physical condition of the children, 
and because of the high incidence in Puerto Rico of malaria, hookworm 


32 DEVELOPMENT OF BONES OF CHILDREN IN PUERTO RICO 


disease, syphilis, and tuberculosis, any of which may be accompanied 
by anemia, it was thought worth while to make a rough estimate of the 
presence or absence of anemia as indicated by the pallor of mucous 
membranes. Though it would have been desirable to make accurate 
rahe noses of anemia by examination of the number of red blood cells 

the amount of hemoglobin in the blood, such procedure was 
ppv loudly impossible because of the limited time of the study. It was 
believed, however, that pallor of the mucous membranes of the eyelids 
and lips might be regarded as fair evidence of anemia, though not 
evidence from which the degree of anemia could be judged accurately. 

Pallor of the mucous membranes of the eyelids and lips was found 
in 122 children (22 per cent of the 552 children for whom the condition 
was reported upon), a proportion strikingly higher than that found in 
a study of children in a city in continental United States.” In the 
latter study about 8 per cent of the children from 2 to 7 years of age 
showed pallor, and only 2.2 per cent of the children under 2 years. 
Among the Puerto Rican children examined, pallor was found in 27 per 
cent of the children 12 months of age and under and in 16 per cent of 
those 13 to 34 months of age. Pallor of the mucous membranes in 
these infants and young children was found to be associated with the 
less satisfactory amounts of subcutaneous fat, with poor muscular 
development, and with lack of evidence of exposure to sunlight. 
Only 14 per cent of the 315 children with ‘‘very good” or ‘‘good” 
amounts of subcutaneous fat showed pallor of the mucous membranes, 
whereas 49 per cent of the 71 children with the ‘“‘poor” or ‘‘ very poor” 
amounts showed this pallor. 

It seems likely that such diseases as syphilis and tuberculosis and 
nutritional disturbances of infancy were the more important causes of 
this pallor. Most of the children examined lived in cities where the 
incidence of hookworm disease was relatively low. Moreover, onl 
per cent of the children for whom a report was obtained were found to 
have enlarged spleens—a low ‘‘spleen index” for a country in which 
malaria is more or less prevalent. Malaria, therefore, was probably a 
minor factor in the production of this pallor, since the spleen index 
of malaria is usually considerably higher in Puerto Rico, sometimes as 
high as 75 per cent in a community where malaria is prevalent.” 

The association between pallor of the mucous membranes and lack 
of tanning of the skin is in all probability a significant one. The 
presence or absence of pallor and of tanning was reported for 545 
children. Seventy-three per cent of the children whose mucous 

membranes were of good color were tanned, whereas only 48 per cent 
of those with pallor of mucous membranes were tanned. Apparently 
both exposure to sunlight and the grade of the child’s nutritional 
condition as shown by the amount of subcutaneous fat are related to 
the color of the mucous membranes. The largest proportion of chil- 
dren with mucous membranes of good color were those with tanned 
skins and well-nourished bodies; the largest proportion of pale chil- 
dren were those with no tanning and less well-nourished bodies. 


OTHER PHYSICAL FINDINGS 


During the course of physical examination certain findings other 
‘than those which bore a direct relation to the child’s nutritional condi- 


89 Physical Status of Preschool Children, Gary, Ind., by Anna E. Rude, M. D., pp. 39, 78. U. 8. Chil- 
dren’s Bureau Publication No. 111. Washington, 1924. 
40 Report of the Commissioner of Health of Puerto Rico for the Fiscal Year 1925, p. 80. 
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tion were noted. Evidences of infection were specially sought, though 
as has been noted, the time at the disposal of the examiners did not 
permit the use of special tests, such as the tuberculin or the Wasser- 
mann tests. 

The diagnoses, other than that of rickets, which were made at the 
time of the physical examination have been grouped as follows: 


Nutritional disturbances_-__-__-__-_ 63 | Diseases of the eyes___.--.-.---- 18 
Malnutrition___.__.____- 54 Corneal sear and ectro- 
Gastroenteritis_______-_- 9 WON Acct 3s cee 1 

Communicable diseases___--______ 188 Conjunctivitis____._.__- 1 Phe 
Rhinopharyngitis______- 117 Gonorrheal conjunctivi- 
EE a 0h die cree Seid 2 RT ST A BE eA 1 
OA eS ie aaa 27 |, Mian Nigel sp sty alas rts | 2 
Broncho-pneumonia_----- 1 Internal strabismus _----- 3 
‘Tubereulosis. ..=-..-..- 2 Diseases of central nervous 
Tuberculosis, suspected._ 16 ee eR eB 2 a Geos Sips See 9 
Fever, unexplained (prob- Poliomyelitis, old, with 

ably due to communi- fal vein. 2 

cable disease) - -_----- 7 Birth injury, probable_-__ 3 
Peeples es 1 Hydrocephalus_--_--_---- 3 
i lew oy Sic ac 1 Facial paralysis_-__-__---- 1 
a Sots Rese epee 1 Genito-urinary diseases__---_-_-_-- 9 
Malaria, suspected __-__- 2 Wit ee 2 
Nasal diphtheria, suspec- Inguinal hernia_--_-_---- 5 

ON ESOS SE Se eae 1 Hedroctle. 2.350.565. 2 
Congenital syphilis_ -_._ 3 ROI ETY CLUNMINON ois sch Sic 5 ages Ruta 
Congenital syphilis, sus- TANOMEG. Cee Fee 45 

mected 282 Stak 5 Hemangioma... ~__---- 1 
Dyynentery; 22-4. 252s. 2 Other skin diseases - - ~ _- 16 

Diseases of ears. __.-.-.-.--.--- 3 | Congenital defects__....-_------ 52 
Chronic otitis media__._. 3 Congenital heart dis- 

Diseases of nose and throat______ 138 pe SEAS CPE aS ME 1.55, 6 
Hypertrophied tonsils or Mongolian idiocy -___--- 1 

hypertrophied tonsils Mongolian idiocy, ques- 

and adenoids_-_-_---~--- 132 MORRIE sions 5, Seip Shee 
Hypertrophied adenoids Supernumerary fingers._ 2 
1 pelehny SS TL BD oe ie ee aes 6 TOngue-tie.. 25st S 41 
Harel gy oro se ety 1 


The largest group of pathological conditions is that of communicable 
or infectious diseases because of the inclusion under this heading of 
the 117 cases of simple rhinopharyngitis (common cold). In anumber 
of cases diagnoses of tuberculosis, diphtheria, or congenital syphilis 
were suspected, but could not be confirmed. Only 3 definite clinical 
diagnoses of syphilis were made at examination, but roentgenograms 
of the bones of the forearms showed syphilis to be present in 6 cases. 
The incidence of positive Wassermann tests in the parents has already 
been discussed. (See p. 12.) 

Of 565 children whose tonsils, adenoids, and cervical lymph nodes 
were examined, 427 (76 per cent) had no obvious defect of tonsils 
or adenoids, 100 (18 per cent) had hypertrophied tonsils only, 31 
(5 per cent) had both hypertrophied tonsils and hypertrophied ade- 
noids, 6 children had hypertrophied adenoids only, and 1 child had 
hypertrophied and diseased tonsils, with no involvement of the ade- 
noids reported. Comparison of these findings with those made by 
the same physicians in New Haven shows a considerably smaller pro- 
portion of children in Puerto Rico having hypertrophied or diseased 
tonsils or adenoids. In New Haven 39 per cent of the children of 
an age comparable to the Puerto Rico group had tonsils that were 
either enlarged or diseased, and 14 per cent had adenoids that either 
were definitely enlarged or seemed to be so, Whether the differences 
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in climate between New Haven and Puerto Rico can account for the 
difference in the proportions of hypertrophied or diseased tonsils found 
in these two communities can only be surmised. 

Among the children examined were a relatively large number with 
skin infections, chiefly impetigenous in nature, and with conjunctivitis. 
An unusual number of children were found to have tongue-tie; no 
explanation of the great frequency of this defect was apparent. 

In connection with these diagnoses made at the examination, it is 
of interest to note the diseases that these same children were reported 
to have had previous to the time of the study. Five hundred and 
thirty-two children were reported to have had one or more diseases; 
only 16 were reported to have had none. The diseases reported have 
been grouped as follows: 


"Gah a ly hg pa Dea pe ey 499 | Earaches and otitis media_____-_- 57 
Diseases of digestive system _-__-_-- 356 | Wasting diseases........-._--_--. 51 
Pees BIN... ~ h be wn 267.) WORWUIMIONE os en ue peer ee 51 
Diseases of respiratory system_... 148 | Undefined fevers._..._._..-_-_-- 23 
Communicable diseases, positive Diseases of nervous system _-_--_-_- 9 

Or PUNOOURN . in ge eae $3 1 Others. oc. Uae ee a Bee 37 
amiseanbes Of Gyes... ses 68 


Colds were extremely prevalent among these children. Some form 
of disturbance of the digestive system was reported for two-thirds of 
them, of skin disease for about one-half, and of respiratory disease for 
more than one-fourth. The group of ‘‘wasting diseases’”’ included 
various poorly defined conditions, locally known as raquitismo, or 
fatigué, that were probably due to frequent digestive disturbances or 
starvation or to tuberculosis, undiagnosed. It was noticeable that 
the digestive disturbances in children under 1 year of age were less 
frequent among breast-fed infants than among those artificially fed. 

That communicable diseases other than colds were reported by rela- 
tively few mothers probably may be accounted for by the fact that 
the children were young and therefore had been comparatively little 
exposed to such diseases or by the fact that in many cases of illness 
they were not seen by a physician. 

Because of the well-recognized association of the convulsions of tet- 
any with rickets, it is of interest to note the high proportion (9 per 
cent) of children reported to have had convulsions in a group known 
to show, on the whole, almost no evidence of active rickets at the 
time of examination. The occurrence of a convulsion instead of a 
chill at the onset of an acute infectious disease is common in infancy 
and early childhood and may account partly for the relatively large 
number of convulsions reported. 

Some comment may be made on the large number of cases of skin 
infections and of diseases of the eyes, and the question raised as to a 
possible relation between them and the inadequate diets that many 
of the children were receiving. The association between vitamin-A 
deficiency and xerophthalmia among children whose diets are low (or 
entirely lacking) in milk, butter, eggs, and green vegetables is well 
known; the association between vitamin-A deficiency and skin and 
respiratory infections is less well defined. That the children examined 
were receiving diets deficient in these foods will be pointed out later 


(p. 94), 
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INCIDENCE OF RICKETS IN PUERTO RICO 


It has already been pointed out that the study here reported was 
undertaken in order to observe the roentgenographic appearance of the 
bones of infants living under the influence of tropical sunlight and to 
make comparisons between the roentgenographic appearance of the 
bones of such infants and that of the bones of infants examined pre- 
viously in New Haven, Conn. Though the selection of Puerto Rico 
as the place in which to undertake this study of normal infants’ bones 
was based on the presumption that the intensity of its sunlight would 
be adequate to prevent the development of rickets, nevertheless it was 
necessary to confirm this presumption by a careful study of the actual 
incidence of rickets in the island before the data there collected could 
be used with certainty as a normal control for the data collected in 
New Haven. 

In the New Haven study it had been found that a relatively large 
proportion of infants, even though given what was thought to be a 
satisfactory amount of antirachitic treatment, showed sooner or later, 
if examined repeatedly by roentgen ray, certain deviations from the 
normal, which were interpreted as evidences of slight rickets. In the 
course of that study, moreover, the question was continually being 
raised whether these slight bone changes were in reality those of 
rickets or whether they were variations of normally growing bones. 
The study in Puerto Rico was undertaken in the belief that the 
presence of similar slight deviations from the preconceived normal 
in a tropical region, where presumably the sunlight was adequate to 
prevent rickets, would indicate that such deviations are not rickets 
but are variations within the normal, whereas the absence of these 
changes in Puerto Rico would tend strongly to confirm the opinion 
formed during the New Haven study that they are in reality the 
roentgenographic evidences of early rickets. 

From a clinical point of view, also, questions had arisen with regard 
to the correct interpretation of certain skeletal findings. Was it 
possible that some of the slight skeletal signs, interpreted as those of 
rickets, were only variations in normal skeletal growth? It was 
hoped, when the study in Puerto Rico was undertaken, that the 
roentgenograms would establish clearly the differentiation between the 
roentgenographic appearance of the bones of normal infants and that 
of the bones of infants with slight or early rickets. It was hoped 
also that a better understanding of the clinical diagnosis of rickets 
could be reached. It was, of course, essential that the study should 
be carried out along the lines followed in New Haven. 

A review of current literature shows that there has been some 
difference of opinion on the question of the prevalence of rickets in 
tropical regions. Hess*! has reported his observations on rickets, 
made in 1928 in the West Indies, in Panama, and in Costa Rica. In 
Kingston, Jamaica, he found among the children at the General Hos- 
ital “many suffering from mild rickets, according to clinical criteria, 
although they did not present a rachitic appearance or pronounced 


41 Hess, Alfred F.; Rickets, Osteomalacia, and Tetany, pp, 54-55, Lea & Febiger, Philadelphia, 1929. 
35 
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bowing of the legs. This held true also for the children of the babies’ 
welfare clinic.”” In Trinidad, at the General Hospital, he found that 
‘mild rickets was of common occurrence, but no case of severe rickets 
was seen.’”’ Here, also, he found rickets in fully half the babies (all 
colored) that he examined at the babies’ welfare clinic. 

In hospital wards in San Jose, Costa Rica, Hess found ‘‘considerable 
rickets, some even of moderate degree,”’ and on the Isthmus of Panama 
he found the same in two hospitals. In the hospital at Ancon, Canal 
Zone, conducted by the United States Government, he saw ‘‘roent- 
genograms of rickets of mild and even marked degree which had 
developed in the Canal Zone.” He later studied roentgenograms of 
the epiphyses of about 100 children living in the region of the Canal 
Zone and found that eight showed definite signs of rickets, most of 
these children being between the ages of 4 and 6 months; six other 
children under 7 months showed questionable signs at the epiphyses.” 

Furthermore, with regard to the protection of infants in these 
regions, Hess says: “But even under favorable circumstances, unless 
the babies are taken out of doors, they do not receive sufficient ultra- 
violet rays to protect them against rickets.’”’ With the exception of 
the conclusions based on roentgenograms of children in the Canal 
ag Hess apparently based his conclusions on clinical observation 
only. 

Other observers quoted by Hess apparently had never seen rickets 
in the West Indies or in Trinidad. The differences in opinion were 
probably due to differences in the interpretation of clinical findings, 
a subject to which this report will refer later. An article by Torroella® 
and one by Gonzales“ state that no case of rickets was found during 
the examination of 6,000 children in Mexico. 

In Puerto Rico, prior to the time of the investigation here reported, 
a large number of infants were reported every year to the insular 
department of health as having died of rickets. It has long been the 
belief of the physicians of the department of health that these deaths 
should not have been so classified and that the confusion had resulted 
from the anglicization of the Spanish term ‘‘raquitismo’”’—meaning 
malnutrition—to rachitis or rickets. In actual practice in Puerto 
Rico any severe wasting disease in infancy is called “raquitismo,” 
just as in continental United States such a disease is called marasmus. 

he present investigation was, therefore, specially welcomed by the 
Department of Health of Puerto Rico, since it would help to clear up 
the question of whether or not rickets actually occurs in the island 
and since it might lead to greater accuracy in vital statistics. That 
the term “rickets” as used on death certificates in Puerto Rico is a 
misnomer was shown clearly by the present investigation. Its use in 
the vital-statistics reports was discontinued * in the year following the 
Children’s Bureau study. 


42 Attention may be called to the fact that climatic conditions in the Isthmus of Panama are different from 
those in Puerto Rico and may well account for the rickets found there by Hess. In Colon, Republic of 
Panama, the daily average of actual hours of sunlight is 6.6, and in Ancon, Canal Zone, it is 5.9; both of these 
figures are lower than the average in either San Juan, P. R., or New Haven, Conn. (See p. 4.) During 
the rainy season, which lasts seven or eight months, the monthly averages of actual hours of sunshine in 
Colon range from 4.6 to 6.7 daily. In Ancon, corresponding averages range from 4.2 to 4.8. Similar low 
figures are reached in New Haven only in the late fall and winter months, andin Puerto Rico not at all. 
(See Climatological Data for Central America, by W. W. Reed, in Monthly Weather Review, vol. 51, no. § 
March, 1923, pp. 133-141, published by the Weather Bureau, U. S. Department of Agriculture, Washington, 

43 Torroella, Mario A.: Raisons pour lJesquelles le rachitisme n’existe pas au Mexique. Archives de 
Médecine des Enfants, vol. 32, no. 5 (May, 1929), pp. 262-269. 

44 Gonzales, Martin: Raisons pour lesquelles le rachitisme n’existe pas au Mexique. Bulletins de la 
Société de Pédiatrie de Paris, vol. 27, Jan. 15, 1929, pp. 42-54. 

45 Report of the Commissioner of Health of Puerto Rico for the Fiscal Year 1927, p. 182, and later 
reports, 
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NUMBER AND AGE DISTRIBUTION OF CHILDREN EXAMINED FOR 
RICKETS 


Examination for rickets was made of 584 Puerto Rican children 
ranging in age from 1 to 34 months. Of these, 171 were under 7 
months of age, 149 were 7 and under 13 months, 180 were 13 and 
under 25 months, and 64 were 25 months or over; the ages of 20 
were not known. The preponderance of children under 13 months 
of age was a matter of selection, since the first year of life, and espe- 
cially the first six months, is the period when the changes in the bones 
interpreted as the earliest evidence of rickets had been found in New 
Haven children, and therefore the period for which examinations were 
most desired in Puerto Rican children who were presumably free from 
rickets. The number of children examined in the second and third 
years was relatively small, but the results of the examinations indicate 
to some extent the incidence of rickets at this age. 


METHODS OF EXAMINATION FOR RICKETS 


When as accurate a diagnosis as possible is desired of the presence of 
rickets, not only should a physical examination be made to detect any 
clinical evidence of the disease, but roentgenograms of the long bones 
should be taken to determine whether any evidence of the disease is 
present and, if so, to determine the activity and severity of the process, 
and also to obtain a graphic record of deformities such as bowing of 
the bones of the legs. Supplementary chemical examination of the 
blood will aid the examiner in differentiating between an active process 
and one that is subsiding or healing, and also in making a very early 
diagnosis when rickets is ; suspected because of craniotabes or enlarged 
costochondral junctions but 1s not yet demonstrable in the roentgeno- 
grams of the radius and ulna. 

In the investigation in Puerto Rico physical examinations were made 
of all children, the investigators laying special emphasis on examina- 
tion for the signs generally accepted as manifestations of rickets. 
Roentgenograms were taken of the bones of the forearm only, since, 
as will be explained later, roentgenograms of these bones are the most 
satisfactory ones in making an early diagnosis of rickets. Opinions 
with regard to the rachitic origin of deformities such as bowlegs and 
knock-knees were formed from physical examination alone. In afew 
cases, as an aid to diagnosis, chemical tests were made to determine 
the calcium and i inorganic phosphorus content of the blood serum. 

Many elements enter into a clinical examination for rickets, mak- 
ing it a less reliable method of determining the real incidence of 
the disease in a community than a roentgen-ray examination. The 
fact that the child’s skeleton is constantly changing with growth, the 
fact that many of the evidences of mild rickets are but slight varia- 
tions from the normal, and the fact that the clinical judgments of 
different observers vary because these limits of normal can not be 
arbitrarily defined and because the observers differ in their training 
and experience make unreliable any study of the incidence of rickets 
based on clinical examination alone. On the other hand, roentgeno- 
graphic examination has the advantage of presenting permanent 
records of certain attributes of the bones, which can be studied and 
reappraised by several observers and for which the limits of normal 
may be more clearly defined. 
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If a true picture of the incidence of rickets in a community is to 
be obtained, however, as many children as possible should be examined 
by both methods during the period of life when the disease is usually 
active—that is, the first two years of life~and also during the third 
and possibly the fourth year, when the disease is as a rule no longer 
active, but when the clinical evidences of previous disease should be 
found approximately in proportion to the roentgen-ray evidence of 
activity of the disease in earlier age periods. The incidence of rickets 
found by roentgenographic examination during the first year or two of 
life should form, it is believed, some sort of background for the inci- 
dence to be found by clinical examination coincidentally or in later 
years. Itshould be remembered, however, that the incidence of rickets 
found at clinical examination at any given age is the cumulative 
record of the more or less permanent effect on children’s skeletons of a 
transitory disease which may have come and gone before that age or 
which may still be active at the time of examination. Moreover, as 
will be pointed out later, the total number of clinical diagnoses of 
rickets probably includes a certain proportion of diagnoses of mild 
rickets that are incorrectly made, since they are based on skeletal signs 
not easily differentiated from those of normal growth and development. 


DIAGNOSIS OF RICKETS BY CLINICAL EXAMINATION 


Since it seemed desirable to compare the results of the physical 
examinations in Puerto Rico with those in New Haven, every effort 
was made to interpret the skeletal findings in Puerto Rico just as they 
had been interpreted in New Haven. In retrospect it is believed that 
in the effort not to overlook any of the clinical evidences of possible 
rickets, too much emphasis may have been placed on slight varia- 
tions, and a clinical diagnosis of rickets may have been made in some 
cases in which it was not warranted. Since, however, similar con- 
clusions had undoubtedly been drawn in New Haven, the clinical 
diagnoses have been retained as made, and have been analyzed in 
some detail to show how varied and inconsistent were the observations 
upon which the diagnoses were based. It should be borne in mind, 
however, that the phrase ‘‘clinical diagnosis of rickets” as used in 
this study does not mean that rickets was necessarily present as an 
active disease; indeed, in a majority of cases the evidence was only 
such as might have been produced by previous rickets of a mild 
degree, and few cases of active rickets were even suspected at 
physical examination. 


INCIDENCE OF RICKETS AT CLINICAL EXAMINATION AND ITS RELATION TO AGE 


Examinations for clinical evidences of rickets were made on 584 
children. The diagnoses made and the ages of the children at the 
time of examination are shown in Table 7. It will be seen that in only 
50 children (9 per cent) was the evidence sufficient to lead to a definite 
diagnosis of rickets, in 134 it was sufficient to lead to a questionable 
diagnosis, and in 400 there was no evidence of rickets. Of the 50 cases 
in which the clinical diagnosis of rickets was definite, 46 were consid- 
ered to be of slight degree, 3 of moderate degree, and 1 of marked 
degree. (See case 1, Appendix EK, p. 120.) / 

It will be seen also from Table 7 that the proportion of children 
showing signs interpreted as evidences of rickets or of questionable 
rickets was considerably smaller in the age group under 7 months than 
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in any other, and that the proportion showing no evidence of rickets 
was largest in the age group under 7 months. Though this is not 
incompatible with the usual increase in the incidence of clinical evi- 
dences of rickets during the later months of infancy and the early 
months of childhood, the fact that it occurred in these Puerto Rican 
children who were exposed constantly to intense sunlight suggests 
that in some cases the process of growth and development of the bones 
may alone account for the slight signs commonly used as a basis for 
the clinical diagnosis of mild rickets. 


TaBLe 7.—Clinical diagnosis of rickets and age of child at examination; children 
examined in Puerto Rico 


Children examined in Puerto Rico 


Clinical diagnosis of rickets 


Question- 
2; Sees Total] No tickets | able Slight | Moderate | Marked 
diagnosis 


Be core Maomens.. foo 
Twou seperce. 2005282 oss ee: 


1 Age is given as of nearest month; that is, “‘under 7 months”’ is actually under 6 months and 16 days, ‘‘7 
to 12 months” is from 6 months and 16 days to 12 months and 15 days, inclusive, and so on. 

2 Per cent not shown where number of children was less than 50. 

3 Less than 1 per cent. 


PHYSICAL SIGNS USED AS BASIS FOR CLINICAL DIAGNOSIS OF RICKETS 


The clinical diagnoses of rickets made in Puerto Rico were based in 
large part upon certain skeletal signs usually considered to be evi- 
dences of the disease, but also to some extent upon certain signs of 
muscular weakness, which were regarded as secondary rather than 
primary diagnostic evidence. Analysis of the data shows that both 
the number of these signs and the degree of deformity presented by 
each were taken into consideration when the diagnosis was made. It 
is evident, moreover, from study of the records, that some skeletal 
signs appeared much more frequently than others and that certain 
signs or combinations of signs clearly were given more weight by the 
examiners in the diagnosis of rickets than others. When the diagno- 
sis of rickets was questioned, it was done either because the skeletal 
signs were few, usually only one or two having been found, or because 
they were present in such slight degree that their significance was 
questioned. The difference in the degree in which the signs were 
present probably accounted most frequently for the differences in the 
diagnoses made when the same group of skeletal signs were present. 
Because of the great variety of factors entering into a clinical diagnosis 
of rickets it is to be expected that many inconsistencies in diagno- 
sis would appear. Lastly, it should not be forgotten that a diagnosis 
often depends on the observer’s impression of the child as a whole, a 
very subjective and unreliable factor, but one that enters into nearly 
every clinical diagnosis and may account for many inconsistencies. 

The skeletal signs that were considered as clinical evidence of rickets 
were: Enlargement of the costochondral junctions of the ribs, enlarge- 
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ment of the epiphyses of the long bones (especially those at the wrist), 
bowlegs, knock-knees, Harrison’s groove, pigeon-breast, moderate 
enlargement of the parietal or the frontal bosses or both, craniotabes, 
and asymmetry of the head. The evidences of muscular weakness 
that were considered as giving contributory evidence of rickets were: 
Decreased muscle tone, increased relaxation of the joints and liga- 
ments, and pot-belly. A scale ranging from what was considered 
normal through two or three degrees of enlargement or deformity was 
adopted foreach sign. That different physicians should use a scale con- 
sistently isscarcely to beexpected. Inthisstudy the examinations were 
made by two physicians who had made many of the examinations in 
New Haven, and, though, undoubtedly, individual judgment varied 
to some extent, the conclusions drawn were, on the whole, fairly 
consistent. 

Relation of number of skeletal and muscular signs to clinical diagnosis of rickets. 

It became apparent from study of the records that the observers 
when making the clinical diagnoses took into consideration not only 
which skeletal signs were present but also how many. Though analy- 
sis showed that the observers were influenced more by certain skeletal 
signs than by others, it also shows that, regardless of what the signs 
were, the greater the number of signs found the more likely was it that 
a diagnosis of rickets would be made. (See Appendix Table B1, p. 110.) 
A similar relation was found between the number of signs of muscular 
weakness and the clinical diagnosis, indicating probably that these 
signs influenced the diagnosis when it was uncertain on the basis of 
skeletal signs alone. . 

Incidence and degree of each skeletal sign. 

More important in attempting to understand the basis for the clini- 
cal diagnosis of rickets than the number of signs is the incidence of 
certain skeletal signs and the degree in which they were observed. 
The inconsistencies of clinical judgment in making such diagnoses may 
be demonstrated also by analyzing the diagnoses made when various 
signs or combinations of signs were present. The following detailed 
study of the skeletal signs found in Puerto Rican children is given 
in an attempt to throw some light on their value in diagnosis, and in 
order that comparisons may be made by other observers as to the 
relative frequency and severity of these signs in communities haying 
differing degrees of intensity of sunlight. 

The incidence, in the total group of children examined in Puerto 
Rico, of each of the skeletal signs usually considered to be evidence of 
rickets compared with the incidence in a group of children of about the 
same age examined in New Haven is shown in Table 8. The percent- 
age incidence of each sign in the two groups of children is as follows: 


Puerto New 
Rico Haven 


Enlarged costochondral junctions. 242022 ee. Ie ek SEL 8 16 58 
Enlarged epiphyses at wrist. 2. 2 6 osu eww erases osbesnede: scaeed 10 55 
OE SE 8 ELS Se Ek Tin whi caierier ine cies io Gets ahs oops i tcies seein 30 50 
SRNR AR oa es hp Men ares oo ca & pore ee Rt ino oe Sk 28 23 
Trareon 8 BrOOVe. eel es: 2. AU ee Se a eee 6 25 
PAGMERRNGHSS fal. Ie EGHe Gl wid bad. Date SARS. SCL (48) 2 
Moderate enlargement of— 

Either frontal or. parietal bosses........--....-.--=------<-.. 7 27 

Both frontal and parietal bosses. ...........----------------- 1 15 
Aayminiotry Of head. CS L570! OOS TOE FU See eee Lele eh tes 
Gremiotabera ci si2vsube7uiil$ 1a bases ee URS ei ee 1 4 


4 Less than 1 per cent. Not reported. 
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TaBLE 8.—Incidence of skeletal signs usually considered evidence of rickets; children 
examined in Puerto Rico and in New Haven, Conn. 


584 children examined in Puerto | 956 children examined in New 
Rico (1 to 34 months of age) Haven (1 to 36 months of age) 


Skeletal signs 


Enlarged costochondral junctions__-_ - 
Enlarged epiphyses at wrist_.____.__- 


Moderate enlargement of— 
Either frontal or parietal bosses_- i 
Both frontal and parietal bosses _- 
Asymmetry of head__-_-._._--.------ 
97 SE SE RS ae ee eae tee 


1 Includes only children who were standing at date of examination. 
2 Children not yet standing at date of examination. 
3 Not reported. 


It will be seen that the incidence of each of the signs, with the excep- 
tion of knock-knees, is considerably lower in Puerto Rico than in New 
Haven. That the high incidence of rickets as shown by the roentgen- 
ray examination in the New Haven group (approximately 30 per cent) 
plays an important part in this difference is undoubted, but that these 
signs may occur also in slight degree in children who have not had 
rickets is made evident by the occurrence of these signs in Puerto Rico, 
where, as will be shown later, rickets is in reality a rare disease. 

In a very large proportion of cases in which the skeletal signs were 
found in Puerto Rican children, they occurred only in a very slight or 
slight degree. It is probable that most of the signs recorded as occur- 
ring to a very slight degree were within the range of normal and were 
given little weight by the observers when making the diagnoses. The 
weight given to signs occurring in a slight degree varied, apparently 
depending on the presence of other skeletal signs or on evidences of 
muscular weakness. Skeletal signs were reported to have occurred 
in a moderate degree in relatively few instances; but when they did 
so occur, more weight, as would be expected, was given to each one in 
making the diagnosis. 

Table 9 shows the degree in which each skeletal sign was present 
among the Puerto Rican children and indicates the frequency with 
which a clinical diagnosis of rickets was made in the presence of each 
sign. The ultimate diagnosis was, of course, made by consideration 
of all the signs, both skeletal and muscular, that were found in each 
ease. A detailed tabulation of the combinations of skeletal signs 
found in each of the 584 children will be found in Appendix Table B2. 

Table 9 shows that a positive diagnosis was made in approximately 
half the children with a Harrison’s groove, in one-third of those with 
either enlarged costochondral junctions or enlarged epiphyses at the 
wrist, in one-fifth of those with moderately enlarged parietal or frontal 
bosses, in one-sixth of those with bowlegs or knock-knees, and in one- 
eighth of those with asymmetrical heads. It is apparent that the 
observers must have felt that the presence of enlarged costochondral 
junctions, enlarged epiphyses at the wrist, and a Harrison’s groove 
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was more definite evidence of rickets than was the presence of either 
slight bowing of the legs or slight knock-knees. As would be expected 
when either bowlegs or knock-knees occurred in a moderate degree, a 
clinical diagnosis of rickets was more likely to be made than when it 
occurred in a slight degree, but the diagnosis was not necessarily con- 
sidered positive just because one of these signs was present to a 
moderate degree. 


TaBLe 9.—Skeletal signs usually considered evidence of rickets and degree in 
which these signs were present in relation to clinical diagnosis of rickets; children 
having these signs who were examined in Puerto Rico 


Children having skeletal signs 


Clinical diagnosis of rickets 


Skeletal signs sues 
1cKets 


Costochondral junctions-_............--------- 


Slight enlargement..-: ...5-5-4---s2----24¢ 
Moderate enlargement-__.-.-------------- 


Epiphyses of long bones at wrists (slight en- 
isp cite) ci: 1) eee be ea REG MOL ee Ee See 


Sem Me neRnEeS Pls SR See pee zen meee aie 


MDG: ccc. dbacae pe eac he ence rte eee ane 
MMioderaIG 26552 SNELL SOU BE 


OTINGESETORS . oo ore ere Lees Seceidaaredasse= 
lita. 25 Bodie cwass ce ao eh eae etches otae 


MIMPTINOTES PLOOVO. sco caaccccceeseecepepacceeee 


Slight enlargement .._.....-------------- 
Moderate enlargement_-__...---.----..---- 


PROUT OPEARG MUU S .-— scan pss cbeess osc s He 
Parietal or frontal bosses_.....---------------- 
Parietal or frontal bosses moderately en- 

Lo cy Lite eA ln ay fp emt. ane 
Parietal and frontal bosses moderately 
NR et te ek es gol ce ot S 
Asyinmotwy:- of: headset. ccchi ce nb amaitawccé 


PRE or eats ees oie Sas ees FRU 


Bilge 2 ce Ol ee 8 coe eras eli eel Clee 


The reports were analyzed to find out whether there was any sig- 
nificant difference in the incidence of these skeletal signs as found by 
the two physicians. With the exception of a more frequent report of 
Harrison’s groove by one observer and of moderately enlarged parietal 
or frontal bosses by the other, there were no significant differences. 

The following discussion of the incidence and egies of each of the 
skeletal signs usually thought of as indicating rickets brings out some 


. 
} 
| 
| 
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points of interest in interpreting their occurrence in this tropical 
region as compared with their occurrence in New Haven. 

Bowlegs—Bowlegs were found less often in Puerto Rico than in 
New Haven. Though in 30 per cent of the Puerto Rican children 
examined bowlegs were found to be present in a degree that was 
considered outside the limits of normal, they were also found in a 
less degree in an additional 49 per cent not shown in the table. It is 
oksito that most of these cases of bowing, whether considered 
within the limits of normal or not, were in reality only exaggerations 
of the normal curves due, in many cases, not to rickets but to the 
mother’s habit of carrying the infant astride her hips. In this position 
the infant, though supported by the mother’s arm or a sling, soon 
learned to help support himself by clinging with his legs to his 
mother’s body. The tendency was, therefore, for the natural bowing 
of the child’s legs to be increased. 

No case was found of the bowing of the lower third of the legs 
that is so characteristic of rickets. 

Knock-knees.—Knock-knees (estimated only for children who could 
stand at the time of examination) was found in Puerto Rico in nearly 
as large a proportion of cases as was an abnormal degree of bowing; 
but unlike bowing, it occurred even more often in Puerto Rico than in 
New Haven. Since in many cases the knock-knees disappeared when 
the child was placed in a prone position and the knees brought together 
it seems probable that the knock-knees were not due to any bony de- 
formity such as might be produced by rickets. 

Furthermore, in no case were the knock-knees asymmetrical—the 
type of knock-knees characteristic of severe rickets. 

Enlarged costochondral junctions and epiphyses of long bones at wrist.— 
The incidence of enlarged costochondral junctions and of enlarged 
epiphyses of the long bones at the wrist was strikingly lower in Puerto 
Rico than in New Haven. The difference may be attributed, in all 
probability, to the difference in climate and the consequent difference 
in the incidence of rickets in the two localities. The fact, however, 
that even 16 per cent of the Puerto Rican children examined were 
thought to have had slight enlargement of the costochondral junc- 
tions, and 10 per cent had slight enlargement of the epiphyses at the 
wrist (whereas, as will be shown later, in only 1 per cent was evidence 
of rickets found by roentgen ray) suggests either that the presence of 
such enlargement does not always ny “pore the presence of rickets or 
that the observer’s impression of enlargement is sometimes incorrect. 
Moreover, it may be pointed out that in New Haven a slight degree 
of enlargement of the epiphyses at the wrist had apparently been 
present in a number of children who showed no evidence of rickets 
even on repeated roentgenographic examination of the bones of the 
forearm. There is little doubt, therefore, that in Puerto Rico, as in 
New Haven, a number of cases of slight enlargement of the epiphyses 
of the wrist and probably also of the costochondral junctions are the 
result of physiological growth and development, and are not necessa- 
rily pathological. Beohahly it is impossible to distinguish with cer- 
tainty between the slight enlargement due to rickets and that due 
to normal growth. 

Harrison’s groove.-—Harrison’s groove was found in only one-fourth 
as many children in Puerto Rico as in New Haven. In 15 of the 37 
children showing this sign hypertrophied tonsils or adenoids, or both, 
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were also found, and in 14 additional children there was enlargement 
of the cervical lymph nodes, probably indicating infection in the nose 
or throat. This association in Puerto Rican children of Harrison’s 
groove with hypertrophy of the lymphoid tissues of the nose and 
throat suggests that obstruction of the respiratory passages due to 
simple hypertrophy or to infection may be one of the underlying causes 
of this deformity. The greater incidence of Harrison’s groove among 
New Haven children indicates without much doubt, however, that 
rickets increases the frequency with which this sign occurs. 

Head signs.—The shape of the children’s heads in Puerto Rico, 
probably a racial characteristic, was very different from that most 
frequently seen in New Haven, although in the latter city heads sim- 
ilar in shape to those found commonly in Puerto Rico were occasion- 
ally found among both negroes and whites. A large proportion of 
the Puerto Rican children had heads that were narrow and low in 
the frontal region, broad and high in the parietal, and more or less 
flat in the occipital; the New Haven children’s heads were character- 
istically squarer or rounder in shape, with prominent or high fore- 
heads. In Puerto Rico this usual breadth of head in the parietal 
region commonly gave the impression that the parietal bosses were 
somewhat enlarged; but unless either the parietal or the frontal bosses, 
or both, appeared to be at least moderately enlarged, the child’s head 
was not considered abnormal. Moderately enlarged frontal bosses 
were comparatively rare in Puerto Rico, the great majority of diag- 
noses of abnormal heads having been based on moderate enlargement 
of the parietal bosses only. It is doubtful, however, whether the 
heads should have been considered abnormal unless the frontal bosses 
were enlarged also, since even moderately enlarged parietal bosses 
were probably only exaggerations of the shape characteristic of the 
Puerto Rican heads in general. On the whole, however, neither mod- 
erately enlarged parietal nor moderately enlarged frontal bosses were 
common in Puerto Rico as compared with New Haven. 

Craniotabes was found in five Puerto Rican children. For two the 
roentgenograms showed rickets (see case histories 1 and 4 in Appendix 
EK, p. 120), and for these two clinical diagnoses of rickets were also made. 
Three children showed no rickets by roentgenogram. They were 2, 
3, and 4 months of age and showed slight craniotabes as the only 
clinical sign of the disease. Positive clinical diagnoses were not made 
in these three cases. None of the five children showed evidence of 
syphilis either at physical examination or by roentgenogram. 


RELIABILITY OF CLINICAL DIAGNOSIS 


That the clinical diagnoses of rickets made on these Puerto Rican 
children were based in large part on relatively slight evidence and 
were not made consistently has already been indicated. This may 
be seen even more clearly by studying the various combinations of 
skeletal signs and the diagnoses made from each combination, as 
shown in Appendix Table B2 (pp. 111-112). Though in retrospect the 
basis for diagnosis seems inadequate in a number of cases, it should 
be remembered that a similar basis for diagnosis is often used in tem- 
perate climates and is assumed to be justified because a relatively large 

48 It should be pointed out, however, that this table does not include signs of muscular weakness, such 


as pot-belly or poor muscle tone, which no doubt influenced the diagnosis in many cases, nor does it show 
the degree of the skeletal signs, as does Table 9. 
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proportion of such diagnoses can be corroborated by other methods 
of examination. The fact (as will be pointed out later) that there is 
no basis for belief that rickets exists among the Puerto Rican children 
examined except as a rare disease, together with the fact that most 
of the clinical diagnoses of rickets made in Puerto Rico could not be 
corroborated by roentgenograms, throws doubt not only on the diag- 
noses made in Puerto Rico but also on a certain number of the diag- 
noses made on similarly slight evidence in temperate ¢limates. Prob- 
ably it is impossible to distinguish clinically between the skeletal 
changes in the long bones that are within the limits of normal growth 
vor development and those that are the result of a slight degree of 
rickets. 

That the clinical diagnoses of rickets in Puerto Rico, based on 
skeletal signs that deviated but little from the preconceived standard 
of normal, were probably unreliable will be shown in the following 
analysis of the roentgenographic findings. 


DIAGNOSIS OF RICKETS BY ROENTGENOGRAPHIC EXAMINATION 


Roentgenograms were taken of the radius and ulna of the 584 chil- 
dren who were given physical examinations by the same technique 
as that previously used in New Haven. (See Appendix C, p. 113.) Of 
all the long bones the radius and ulna are the most satisfactory to 
use for the early diagnosis of rickets, since the examination of these 
presents fewer technical difficulties than examinations of other bones. 
Though rickets probably always develops in the ribs before it 
develops in the ulna, the difficulty of obtaining good roentgenograms 
of the costochondral junctions is so great that study of the develop- 
ment of rickets in the rib by this method is practically out of the 
question. Besides, the thickness of the femur or tibia and the 
irregularity at the diaphyseal-epiphyseal junction makes the use of 
these impractical. Because of its smaller and more uniformly regular 
epiphyseal surface, the ulna is even more satisfactory than the radius 
for the early diagnosis of rickets. 


INCIDENCE OF RICKETS AT BORNE EOE ru EXAMINATION AND ITS RELATION 


The diagnoses of rickets made from the roentgenograms are shown 
in Table 10. That rickets is actually very rare in Puerto Rico as 
compared with New Haven is shown by the fact that for only 5 chil- 
dren was there definite evidence in the roentgenograms that the child 
had rickets or had had it previously. Three of these children (all 
less than 6 months of age) showed changes in their bones comparable 
to those found commonly in young infants in New Haven and inter- 
reted there as very slight or slight rickets; 1, who had lived all his 
e (until 2 weeks before examination) in a stone cellar apartment 
lighted only by electric light, showed severe, active rickets; and 1 
showed the scars of an old process (probably one of moderate degree 
at the time of its activity) which had occurred when she lived in New 
York City and which had healed some months before the time of the 
study. The total incidence of rickets in the 584 children examined 
was ee than 1 per cent. 
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TaBLE 10.—Roentgen-ray diagnosis of rickets and age at date of examination; chil- 
dren examined in Puerto Rico 


Children examined in Puerto Rico 
Roentgen-ray diagnosis of rickets 


Rickets 


Age ! at examination 
Total | No rickets Doubtful 


diagnosis 


Active, vee, a 
Num-} Per |Num-} Per ing h 


OG a etl oe 70 12 5 1 1 3 1 
Under 4 months 12 16 1 1 es ela eS Fee 
Mig 6 ADOULNS. 3} cae eo+ ce cae 29 30 2 Mle saree y NB seas 
Wie PANONUNS, o. coos oss 12 16 1 1 tad Diss Bldl Maas gl ge 
10:to:12 months. 4 -.282ecbs a5 12 1Osheeevegc| antes ood aseesie a eee eee 
i500 Je TMONLDS. . ~~. 2 -nsecee 5 Oo rr Aicecteclescsn acitcon see 
toto 24 months 3. o.2 ew df A TG CO ae Re oe en eee ot ee Loe bee 
2500.04 Mmornthss. 2:2. ete 104s Be: Oe oe ee 1 Pick mcbnebad chats 1 


IVOU TODOLUEG ono ee ed OO lnptesnee heme deed ioes oltre ene uen Stree eee er 


1Age is given as of nearest month; that is, “under 4 months” is actually under 3 months and 16 days, 
“4 to 6 months”’ is from 3 months and 16 days to 6 months and 15 days, inclusive, and so on. 


Because of the rarity of rickets in Puerto Rico, the case histories of 
the five children showing roentgen-ray evidence of the disease are 
given in detail in Appendix E (p. 120) and are summarized as follows: 


Case 1.—S. M. was a 7-month-old, full-term male infant who was born in a 
cellar of one of the large stone tenements of San Juan and had lived there until 
two weeks before examination. The apartment in which he lived had no outside 
window. At no time had he been taken out of doors. He had been fed practi- 
cally from birth on a cow’s milk mixture and had been given no cod-liver oil. 
There was a history of frequent attacks of bronchitis and daily convulsions for 
three or four months. 

Physical examination showed broncho-pneumonia and evidences of severe 
rickets. Chvostek’s sign was not elicited. Roentgenograms of the bones of the 
forearm (fig. 1) showed advanced rickets with a marked degree of osteoporosis. 
Blood studies showed a calcium content of 7.1 milligrams per 100 cubic centi- 
meters of serum and a phosphorus content of 4.1 milligrams. A diagnosis of 
severe active rickets was made from the clinical and roentgen-ray examinations, 
and a diagnosis of tetany from the chemical examination of the blood. Figures 2 
and 3 show the result of treatment with sunlight alone—Figure 2 at the end of 
18 days, Figure 3 at the end of 3 months. 


Case 2.—W. V. was a 5-month-old, full-term male infant who was taken out of 
doors very little—about half an hour a day—in the shade. He was on a mixed 
feeding of breast milk and condensed milk. 

Physical examination showed slightly enlarged costochondral junctions, on the 
basis of which a clinical diagnosis of questionable rickets was made. The roent- 
genogram showed evidence of slight rickets with a slight degree of osteoporosis. 


Case 3.—J. L. was a 5-month-old, full-term female infant, entirely breast fed. 
Physical examination showed none of the signs of rickets. The roentgenogram 
showed evidence of very slight rickets. 


Case 4.—M. 8. was a 3-month-old, full-term male infant, wholly breast fed. 
Physical examination showed a widely open fontanelle, a moderate degree of 
craniotabes, and slightly enlarged costochondral junctions. A clinical diagnosis 
of slight rickets was made. The roentgenogram showed very slight rickets. 


Case 5.—M. G. was a 25-month-old, full-term female infant who was born in 
New York City, where the first 21 months of her life were spent. Her diet was 
mixed. No cod-liver oil had ever been given. Physical examination showed 
slightly enlarged costochondral junctions and slight knock-knees, but the evidence 
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_ was not sufficient to make a clinical diagnosis of rickets. The roentgenogram 


showed evidence of old, healed rickets. Though this case is included in Table 10, 
it can not legitimately be counted as a case of rickets developing in the Tropics. 
W.V., J. L., and M.S. (cases 2, 3, and 4) were all young infants 
who showed evidence of slight or very slight rickets by roentgen ray. 
The changes in their bones were comparable to those found in many 
infantsin New Haven. It may be emphasized here that neither S. M. 
nor M. G. (cases 1 and 5) developed rickets under the influence of the 
usual environmental conditions of Puerto Rico—S. M., because the 
disease followed complete isolation of the infant from sunlight; M. G., 
because the disease undoubtedly developed while the child lived in 
New York City. J.L. and M.S. (cases 3 and 4) had apparently led 
the usual existence of young infants in Puerto Rico; W. V. (case 2) 
probably had been taken out of doors less than was customary. 


Of the remaining 579 roentgenograms, 509 were classed as‘‘nor- 
mal” according to the New Haven criteria, and 70 for one reason or 
another were classed as doubtful. Detailed study of each of the 
doubtful roentgenograms has led to the belief that the findings that 
raised some question as to their interpretation were nearly all due to 
movement of the child’s arm while the roentgenogram was being 
taken, to a position of the bones that allowed the epiphyseal surfaces 
to show more than was usual, or to improper roentgen-ray technique. 
The roentgenograms classed as doubtful, though tabulated separately 
ri Table 10, in all probability should be thought of as showing normal 

ones. 

The almost complete absence in Puerto Rico of the slight deviations 
from the normal commonly found in New Haven and diagnosed there 
as rickets lends great weight to the opinion that these deviations are 
in reality the earliest evidences of that disease. Though it is believed 
that their absence in Puerto Rico may be attributed primarily to the 
protective influence of the sunlight and their presence in New Haven 
to inadequate protection, nevertheless, the fact that the relatively 
slower growth of the Puerto Rican children may play some part must 
not be overlooked. Though the Puerto Rican children as a group 
were shorter and lighter in weight than white children of continental 
United States, as has been shown in Charts I and II, it has also been 
pointed out (pp. 21, 22) that the differences were comparatively slight 
in the first six months of life, the period when the bone changes most 
commonly made their appearance in New Haven children. It may be 
supposed, therefore, that many more than three Puerto Rican chil- 
dren would have shown changes similar to those found in New Haven 
children, had these changes been due to physiological growth alone. 
Slower growth was probably a minor factor in the prevention of the 
changes interpreted as rickets, as compared with the intense sunlight. 
Age incidence. 

The ages of the children at the time of examination are shown in 
Table 10. It will be seen that 3 of the 5 children showing rickets were 
under 7 months of age, and that 1, the child with severe rickets, was 
between 7 and 9 months. The child with a moderate healed process 
was over 2 years of age; and since the active stage of the disease 
must have occurred when the child was in New York, the case, as has 
been pointed out, should not be classed as rickets developing in Puerto 
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Rico. Of the 246 Puerto Rican children 9 months of age or under at 
the time of examination, only 4 (less than 2 per cent) showed roentgeno- 


graphic evidence of rickets, whereas in a group of 407 New Haven chil- © | 


dren of the same age who had been given no treatment to prevent 
rickets 142 (35 per cent) showed such evidence. Of the Puerto Rican 
children i0 to 15 months old, none showed roentgen-ray evidence of 
rickets, whereas 79 of 249 New Haven children of the same age group 
(32 per cent) showed such evidence of the disease. 


INTERPRETATION OF CLINICAL DIAGNOSIS IN THE LIGHT OF ROENTGEN-RAY 
DIAGNOSIS 


The proper interpretation of the clinical signs usually considered to 
be manifestations of rickets is of practical importance, since in most 
communities it is impossible to provide roentgen-ray or chemical 


examination for all children suspected at physical examination of — 


having the disease. A clinical diagnosis of rickets when the disease is 
moderate or severe is relatively easy, and few mistakes are made; 
but the diagnosis of mild rickets is often difficult and is probably 
made on many children who have not had rickets. In the study 
made in Puerto Rico considerable doubt may be thrown on the correct- 
ness of the clinical diagnoses because of the discrepancy between 
the incidence of rickets as shown by roentgen-ray examination and 
that shown by clinical examination. 

When attempting to interpret the results of the clinical examina- 
tions in the light of the roentgenographic examination of the radius 
and ulna alone it is necessary to bear in mind some of the facts regard- 
ing the development and course of the disease and the limitations of 
both types of examinations. It should be remembered that rickets 
makes its appearance first in the ribs and soon afterwards affects the 
other long bones at their more rapidly growing ends. Theoretically, 
then, roentgenograms of the ribs should provide one of the best 
means of making a very early diagnosis of rickets, but the technical 
difficulties of obtaining satisfactory roentgenograms of the costochon- 
dral junctions make the use of this method virtually impossible. 
The roentgenographic method of diagnosis is, moreover, not delicate 
enough to reveal the truly incipient changes due to rickets, and it is 
not until the process has progressed to the stage at which the 
changes in the ulna are sufficient to cast a shadow that a diagnosis 
can be made by roentgenographic examination. 

There is a brief period, then, of one or possibly two months at the 
beginning of the disease when roentgenography does not assist in 
the diagnosis of rickets. At this stage, too, the clinical evidences of 
the disease are usually indefinite and clinical diagnosis is unreliable. 
In certain cases of incipient rickets definite clinical evidence may, 
however, precede roentgen-ray evidence, as in the case of craniota- 
bes®, but more often clinical evidence accompanies the roentgen-ray 
evidence or follows it closely. 

From the time that rickets is first seen in the roentgenogram of the 
ulna—usually at about the third or fourth month—and throughout 


49 Though a slight enlargement of the costochondral junctions theoretically may be the earliest sign of 
rickets and may precede roentgen-ray evidence of the disease in the radius and ulna, the diagnosis of rick- 
ets on this basis in the absence of any other pe signs of the disease has not been considered safe because 
of the great uncertainty of clinical judgment and the frequent errors made in the attempt to differentiate 
by palpation alone the costochondral junction that is normal from the one that is just over the border of 
the pathological. Ina majority of cases in which enlargement of the costochondral junctions is sufficient 
for certain diagnosis, the roentgenogram also shows evidence of rickets in the radius and ulna. 
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the period of activity and healing of the disease, roentgenograms of 
the bones of the forearm have their greatest value in confirming the 
clinical diagnosis. But when the disease has subsided and the process 
of repair has wiped out the scars in the radius and ulna, roentgeno- 
graphic examinations of these bones are no longer useful in judging 
whether the clinical signs commonly thought of as signs of mild rickets 
are, in individual cases, sequelae of the disease or normal variations 
associated with growth. Some light can be thrown on these later 
clinical diagnoses by comparing their incidence with that of active or 
healing rickets as shown by roentgenograms in earlier age periods. 
As has been pointed out, the incidence of rickets found by roentgen 
ray in the first year or two of life should form a background for the 
incidence of rickets found by clinical examination either coinciden- 
tally or later. Since, moreover, the incidence of rickets found by 
clinical examination at any given age level represents in general an 
accumulation of current cases and cases that have occurred at one 
time or another previous to the age in question, it is to be expected 
that after the early months of infancy are passed the clinical incidence 
of rickets would be higher than the maximum incidence found by 
roentgen-ray examination at the same time or in any previous age 


‘period. This maximum incidence found by roentgen-ray examination 


in a cross-section study must fall short of the true total incidence, 
first, by the number of cases of incipient rickets not yet advanced 
enough to show in the roentgenogram, and secondly, by the number 
of cases of rickets that have already receded and hence no longer show 
in the roentgenogram. How much allowance should be made in 
order to arrive at a true estimate of the total incidence of rickets is 
not known. If, however, a great disproportion exists between the 
amount of rickets demonstrable by roentgen ray during the period 
when the disease is usually active and the amount of rickets found 
concurrently or later by clinical examination it is believed that this 
disproportion probably represents a certain amount of error in clinical 
diagnosis due to the difficulty of differentiating the clinical signs of 
mild rickets from the variations of normal growth and development. 

A roentgenogram may be expected, then, to help in confirming an 
individual clinical diagnosis of rickets most often during the age of 
greatest activity of the disease—roughly from 3 to 18 months. After 
this period is passed, and in many cases of mild rickets during the 
latter half of it, roentgenograms may not help in the confirmation of 
individual clinical diagnoses because the rachitic process has subsided, 
leaving only the bony deformities on which the clinical diagnoses were 
based. When the incidence of rickets is being studied on a commun- 
ity basis, however, the roentgenographic method of diagnosis gives 
the most satisfactory picture of the total incidence of the disease 
during the period when it is in its active stages and provides a basis 
for interpretation of the clinical diagnoses made on the total group. 

In an attempt to understand the great preponderance in Puerto 
Rico of clinical diagnoses of rickets over those made by roentgen ray, 
two methods of study have been used: First, a direct correlation of 
the clinical with the roentgen-ray diagnosis made at the same time, 
and, second, a comparison of the results of the two types of examina- 
tion at different age levels. 

Table 11 gives the clinical diagnoses made on 584 children and 
shows whether or not they were corroborated by the roentgen-ray 
diagnosis made coincidentally. It will be seen that only two (4 per 
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New Haven Children (956) 


Cuart VI.—Clinical and roentgenographic evidence of rickets at specified age periods in children examined in Puerto Rico and in children examined in New Haven 


Puerto Rican Children (564) 


who had been given no specific treatment to prevent rickets 
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cent) of the clinical diagnoses of rickets were corroborated by the 


roentgenograms. One of these diagnoses was of a case of marked 
clinical rickets in a child 7 months of age, the other a case of very 
slight rickets in a child 3 months of age. Both cases (cases 1 and 4) 
will be found discussed in detail in the case reports in Appendix E 
(p. 120). A similar correlation of clinical and roentgen-ray Warkties 
was made for a group of 956 New Haven children of the same age 
group who had been given no specific antirachitic treatment, and it 
was found that 37 per cent of the clinical diagnoses of rickets were 
corroborated by roentgen-ray examination, a striking contrast to 
the Puerto Rico findings. 

The relation between the incidence of rickets found by roentgen-ray 
examination and that found by clinical examination in different age 
periods is shown in Chart VI for 564 children examined in Puerto Rico 
and 956 children of a similar age group examined in New Haven. 
The contrast in the incidence of rickets (both clinical and roentgen 
ray) in the two communities is marked. 


TaBLE 11—Clinical diagnosis of rickets in relation to roentgen-ray diagnosis; 
children examined in Puerto Rico 


Children examined 


Clinical diagnosis of rickets 


Total } Rickets 
Question- 
Roentgen-ray No rickets _able— 
diagnosis diagnosis Total 
~~ Per Maes Mod- Marked 
cen cent | slight! i 
dis- NU dis- 
tribu- tribu 
tion tion 
PRIMI 6 a! whi alc etic 100 50 100 1 
(08 a ee ie 85 41 Lh ae eee eee i er 
Doubtful diagnosis_____ 14 1 $4 ph) Qep ist ak ae ees 
Slight or very slight 
LS aimed pened 3 1 1 1 >) Rei ay wire, amp y. Py Deda ee 
mamaerase Pedied Lienecer SSE Ger ho Gy ths 2B boss 5 2h sR eee ict ai bes 
eaphun Setive sionets. st 1G) hs.) +. 4-8 le 1 9 lacccoclecenace eee 1 


1 Per cent distribution not shown as number of children was less than 50 
2 Less than 1 per cent. 


If, however, the relation of one type of examination to the other is 
studied for the two groups considered separately and the results com- 
pared, it will be seen that in the Puerto Rican group the incidence of 
rickets found by roentgen-ray examination in the early age periods 
would seem to be far too small to account for the incidence found at 
clinical examination in the later age periods; whereas in the New 
Haven group, the incidence of rickets found by roentgen-ray exami- 
nation in corresponding early age periods is so large as to account very 
well for the proportion of the cases showing clinical evidences of 
rickets during the following years.’ The very small proportion of 
clinical diagnoses of rickets in Puerto Rico that were corroborated by 
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roentgen-ray examination, the discrepancy between the incidence of 
roentgen-ray manifestations in the early age periods and clinical mani- 
festations in the later, and the almost complete absence of roentgeno- 
graphic evidence of rickets at any age period strengthen the opinion 
that many of the clinical diagnoses were incorrectly made. 

As has already been pointed out in the discussion of the clinical 
diagnoses, errors in the diagnosis of mild clinical rickets are probably 
made because of the difficulty of differentiating the skeletal changes 
due to mild rickets from those which are the result of normal growth 
and development. How much such error in diagnosis may account for 
the excess of clinical diagnoses over roentgen-ray diagnoses in New 
Haven is not known; in Puerto Rico, however, in the face of the 
almost complete absence of roentgen-ray evidence of rickets, it 
would seem probable that a great majority of the clinical diagnoses 
of rickets were incorrect. 


DETERMINATION OF AMOUNT OF CALCIUM AND PHOSPHORUS IN 
THE BLOOD OF 34 SELECTED INFANTS 


Chemical examination to determine the amount of calcium © and 
of inorganic phosphorus *' in the blood serum was made for 34 infants, 
most of them 8 months of age or younger. Nineteen of the samples 
came from the group of infants for whom roentgenograms showed 
unquestionably normal bones, 9 from the group for whom roentgeno- 
grams showed bones which were probably normal but which for one 
reason or another were classified as doubtful, 5 from the group for whom 
roentgenograms showed severe osteoporosis or atrophy of the bones, 
and 1 from the infant with marked rickets. Unfortunately it was not 

possible to obtain samples of blood from any one of the three infants 
an showed slight or very slight roentgenographic evidence of rickets. 

The findings on these samples of blood, as well as some clinical and 
roentgenographic data regarding the infants from whom they were 
taken are given on pages 54-55. 

There are not enough cases to warrant drawing any definite con- 
clusions with regard to the relation between the blood findings and 
the child’s diet or his nutritional condition. It is of interest to observe, 
however, that of the 32 samples of blood for which the calcium content 
was reported 15 contained 11 or more milligrams per 100 cubic centi- 
meters of serum, 11 contained 10 to 10.9 milligrams, 5 contained 8 to 
9.9 milligrams, and 1 (the blood of the infant with active rickets and 
tetany) contained only 7.1 milligrams. The great majority of the 
calcium findings fell in or above the upper range of what is usually 
considered normal—9 to 11 milligrams per 100 cubic centimeters of 
serum, the average amount being 10.6 milligrams. 

Of the 34 samples of blood examined for inorganic phosphorus, 23 
contained 5 or more milligrams per 100 cubic centimeters of serum 
(each of 3 samples containing 6.4 milligrams, the highest reading), 9 
contained 4 to 4.9 milligrams, and 2 contained just le ess than 4 milli- 
grams. Both of the last-mentioned samples of blood were from 
infants the roentgenograms of whose bones showed severe osteoporosis 


50 Kramer, Benjamin, and Frederick F. Tisdall: A Simple Technique for the Determination of 
Calcium and Magnesium in Small Amounts of Serum. Journal of Biological Chemistry, vol. 47, 
no. 3, (August, 1921), p 475. 

a Bri iggs, A A. P.: A’ Modification of the Bell- Doisy Phosphate Method. Journal of Biological 
Chemistry, vol. 53, no, 1 (July, 1922), p. 13. 
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but no evidence of rickets. The average amount of inorganic phos- 
phorus was 5.2 milligrams per 100 cubic centimeters of serum. 

The product obtained by multiplying the calcium content (in milli- 
grams per 100 cubic centimeters of serum) by the phosphorus content, 
the criterion suggested by Howland and Kramer ” for the differentia- 
tion of rachitic from nonrachitic blood, is also shown on pages 54-55. 
In the opinion of these authors any product falling below 40 indi- 
cates rickets. In 25 of the samples of blood examined, this product 
was more than 50; in 4, between 40 and 50; in 3, between 30 and 40; 
for the other 2 samples the product was not determined, as the cal- 
cium content was not reported. Of the 3 with product below 40, 1 was 
blood from the infant with active rickets and the other 2 were from 
infants with severe osteoporosis, but no evidence of rickets. The 
average product of the calcium content and the phosphorus content 
in these 34 samples of the blood of infants living in the Tropics was 
56.2. 


52 Howland, John, M. D., and Benjamin Kramer, M. D.: Factors Concerned in the Calcification of Bone. 
Transactions of the American Pediatric Society, vol. 34, p. 204. Washington, 1922. 
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ADDITIONAL ROENTGENOGRAPHIC STUDIES OF THE 
RADIUS AND ULNA 


In addition to the study of the incidence of rickets, special study 
was made of the roentgenograms to show the incidence of osteoporosis 
and of transverse lines in the radius and ulna. The frequent associa- 
tion in temperate climates of osteoporosis with rickets adds interest 
to the fact that osteoporosis was found to be present in a climate where 
rickets was found to be practically nonexistent. That an inadequate 
amount of calcium in the diet is the most probable etiological factor in 
the production of osteoporosis in these Puerto Rican children and that 
poor nutrition and irregular growth account for the high incidence of 
transverse lines will be brought out in the following discussion. 


INCIDENCE OF OSTEOPOROSIS 


The most striking pathological finding in the roentgenograms of the 
bones of the children examined in Puerto Rico was the presence of 
osteoporosis. Osteoporosis is a rarefaction of the bone tissues, which 
may be secondary either to decreased formation and increased resorp- 
tion of bone tissue or, as is more common in temperate climates, to 
lack of calcification of newly formed bone tissue, as in rickets. It is 
believed that in this group of Puerto Rican children a great majority of 
cases of osteoporosis were due to decreased formation of bone tissue 
rather than to a lack of calcification of newly formed bone tissue, since 
in only two cases (S. M., case 1, and W. V., case 3) was the osteo- 
porosis associated with rickets. 

Roentgenograms of the bones of 59 children—approximately 10 per 
cent of the total group examined—showed osteoporosis—19 to a mild 
degree, 40 to a more severe degree. In many of the latter the osteo- 
porosis was so marked that it was described as atrophy. Border-line 
cases were found in large numbers, but unless the rarefaction was 
definite a diagnosis of osteoporosis was not made. 

Detailed study of the roentgenograms showed a general rarefaction 
or thinning throughout the cancellous bone tissue. (See figs. 4 and 5.) 
Though this rarefaction varied considerably in degree in the cases 
studied, in the majority of cases it was of moderate degree; in a few, 
very marked. With the exception of the two children with rickets, 
in every child studied the cortex of the shaft was thin and delicate, 
being in some instances not more than a millimeter in thickness and 
tapering off toward the ends of the shaft to the thinness of paper. 
The cortex, as well as being thin, usually appeared very dense and 
solidly calcified. In the children with rickets the cortex was rare- 
fied but thicker than normal, appearing layered, as is usual with ra- 
chitic bones in which osteoid tissue laid down by the periosteum is 
not being calcified normally. 

In nearly all the cases of atrophy the marrow cavity was relatively 
wide and long, encroaching upon the spongiosa. In some, the mar- 
row cavity was nearly free from trabecule and the spongiosa so rare- 
fied as to suggest the ‘“‘ground-glass”’ appearance described by Pelkan 
as characteristic of the early stages of scurvy.** The presence in the 


53 Pelkan, K. F.: The Roentgenogramin Early Scurvy, American Journal of Diseases of Children, vol.30, 
no. 2 (August, 1925), pp. 174-188, 
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FIGuRE 4.—Osteoporosis in two children: A. H., 6 months old; and N. P., 7 months old 


ALTE: M. G. 
FIGuRE 5.—Osteoporosis in two children: A. P., 34 months old; and M. G., 32 months old 
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spongiosa, however, of rarefied trabeculae or of poorly calcified trans- 
verse trabeculae showing in the roentgenograms as transverse lines 
differentiates this extreme rarefaction of atrophy from that of the 
early stage of scurvy, in which usually no bony trabeculae are visible 
in the marrow cavity. The absence of definite rings * around the 
centers of ossification of the epiphyses, and the absence of any broad- 
ening of the zone of calcification are further evidence that the rare- 
faction was not of scorbutic origin. Occasionally fine penciled lines 
were seen around the periphery of the centers of ossification in these 
atrophic bones, which, though suggestive of rings, were too delicate to 
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CuHart VII.—Weights of individual Puerto Rican children having osteoporosis, compared with aver- 
age weights of all boys and girls examined in Puerto Rico 


be so interpreted. In some cases the spongiosa appeared to consist 
of many very delicate trabeculae which cast but poor shadows; in the 
most severe cases, described as atrophy, the trabeculae were relatively 
few and very slender, forming a delicate tracery of lines parallel to the 
long axis of the bone, or sometimes a coarse network, with the prin- 
cipal lines running parallel to the long axis. In many of these atro- 
phied bones transverse lines (figs.4 and 5) were seen crossing the spon- 
giosa at right angles to the long axis of the bone, indicating, as will be 
peer out, the frequent interruptions of growth that had taken 
place. 

The general physical condition of the children who showed this 
osteoporosis of the bone was for the most part exceedingly poor, as 


4 Wimberger, Hans.: Zur Diagnose des Siuglingsskorbuts. Zeitschrift fiir Kinderheilkunde, vol. 36 
(1923), pp. 279-2865. 
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judged by the amount of subcutaneous fat found and by their weight 
and height. More than half were markedly undernourished and some 
were emaciated to an extreme degree. The weight and height of each 
child with osteoporosis have been plotted on Ghee VII and VIII, 
according to the child’s age at time of examination, to show the re- 
lation of his weight and height to the average weight and height of 
all the Puerto Rican boys or girls that were examined. The retar- 
dation in growth of these children is striking. 

The generally poor nutritional condition of these children and the 
almost complete absence of rickets suggest that the rarefaction of the 
bone tissue was due not to inability of the organism to calcify newly 
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CuarT VIII.—Heights of individual Puerto Rican children having osteoporosis, compared with aver- 
age heights of all boys and girls examined in Puerto Rico 


formed bone tissue, as in rickets, but to some profound nutritional 
disturbance resulting in slow growth of bone with decreased deposi- 
tion and increased resorption of lime salts. Whether the nutritional 
disturbance bringing about this slow growth was due primarily to a 
generally inadequate diet or to a major deficiency in calcium is not 
known, but it is probable that a low calcium intake in the diets of the 
Puerto Ricans (see p. 82) played a definite part in the production of 
the osteoporosis described. Experimentally it has been shown that 
diets deficient only in calcium result in osteoporosis of the bones.” 

Osteoporosis or atrophy of the bones was described by Alwens * as 


55 Korenchevsky, V.: The Aetiology and Pathology of Rickets from an cat a paar Point of View, pp. 
63-73. Medical Research Council, Special Report Series No. 71. London, 1922. 

& Alwens, Dr. [W.]: Uber die Beziehungen der Unterernihrung zur Osteoporose und Osteomalazie. 
Miinchener Medizinische Wochenschrift, vol. 66, no. 38 (Sept. 19, 1919), pp. 1071-1075, 
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occurring in adults as a result of starvation following the World War. 
The diets that he described were very similar to the Puerto Rican 
diets—they were lacking chiefly in calcium and protein containing 
foods, such as milk and milk products, green vegetables, fruit, and 
eggs. The roentgenographic appearance of the bones described by 
Alwens is apparently very like that found in this study. 

So, too, the atrophy of the bones found in coeliac disease is appar- 
ently very similar to that here discussed. Parsons describes the 
roentgenographic appearance of the long bones in coeliac disease as 
follows: 

If the child be under 7 years of age there probably will not be 
any evidence of rickets, but the bones look unduly small, even 
allowing for the small stature of the child. The trabeculae may be 
well formed, but should the disease have been present for any 
length of time the trabeculae appear to be thinner and the whole 
bone more osteoporotic and fragile than normal. The cortex also is 
thinner than would be expected, but the epiphyseal line is quite 
sharp and distinct.*” 


Since in coeliac disease the growth of bone is greatly retarded, oste- 
oporosis or atrophy results rather than rickets; but when improvement 
takes place and growth starts, rickets may be superimposed on the 
osteoporosis. In Puerto Rico slow growth of bone and adequate ex- 
posure to sunlight combine to prevent the development of rickets in 
these atrophic bones. 


INCIDENCE OF TRANSVERSE LINES IN LONG BONES 


The narrow transverse lines of dense bony tissue frequently seen 
crossing the spongiosa in roentgenograms of long bones are believed 
to be evidence of periodic or intermittent growth. [Each line is the 
shadow cast by a thin plate or latticework of well-calcified trabeculae 
which has formed at the end of the bone at a time when growth of the 
bone in length has temporarily ceased. The anatomical condition re- 
sponsible for these transverse lines in the roentgenograms has been 
described in the literature.® ® It is further believed that lines occur 
more frequently in older children and in those who have been chroni- 
cally ill or have had some wasting disease. Though transverse lines 
may be found in roentgenograms of children with rickets, it is not 
believed that rickets is responsible for the formation of these lines 
except as it interferes with the growth of the bones. 

Study of the roentgenograms made in Puerto Rico seemed to offer 
an interesting opportunity to observe the incidence of these transverse 
lines in a group of young children living under tropical conditions, 
a group in which many were retarded in physical development but 
practically none had rickets. The incidence of these lines in children 
examined at specified ages is shown in Table 12 both for the Puerto 
Rican group and the New Haven group. It is apparent that the pro- 
portion of children under 3 years of age showing transverse lines in 
their long bones is greater in Puerto Rico than in New Haven and that 

57 Parsons, Leonard G.: The Bone Changes Occurring in Renal and Coeliac Infantilism, and Their 


Relationship to Rickets. Part Il. Coeliac Rickets. Archives of Disease in Childhood, vol. 2, no. 10 
(August, 1927), p. 200. Ey hee 

58 Eliot, Martha M., Susan P. Souther, and E. A. Park: Transverse Lines in X-Ray Plates of the Long 
Bones of Children. Bulletin of the Johns Hopkins Hospital, vol. 41, no. 6 (December, 1927), pp. 364-388. 

8 Asada, Tameyoshi: Uber die Entstehung und pathologische Bedeutung der im Réntgenbild des 
Rohrenknochens am Diaphysenende zum Vorschein Kommenden parallelen Querlinienbildung. Mit- 
—— aus der Medizinischen Fakultét der Kaiserlichen Kyushu-Universitat, vol. 9. no. 1 (1924), pp, 
43-95. 
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the difference occurs chiefly after the early months of infancy are 
passed. Nearly half the Puerto Rican children more than 1 year of age 
showed lines. In New Haven in no group of children under 3 years did 
so large a proportion show lines; but when children between 3 and 6 
years of age were studied, it was found that 48 per cent showed lines. 
These findings are to be expected if interruptions in growth are the 
pathogenic factors. 

Among the Puerto Rican children transverse lines occurred more 
frequently in children whose nutritional condition was poor. In the 
group of 72 Puerto Rican children reported as being greatly under- 
nourished, 39 (more than one-half) showed transverse lines in their 
bones; of the 332 children who seemed to be well nourished, only one- 
fourth showed them. It is also of interest that of the 59 children who 
had osteoporosis or atrophy of the bones, 42 (nearly three-fourths) 
showed transverse lines in their long bones, and of the 525 who were 
not classified as having osteoporosis less than one-third showed them. 
When malnutrition was so severe that osteoporosis developed in the 
bones, either interruptions in growth became more frequent or, be- 
cause of the thin texture of the bone, the scars were more easily seen. 


TaBLeE 12.—Transverse lines in radius and ulna of children examined at specified 
age periods in Puerto Rico and in New Haven, Conn. 


Children examined in Children examined in New 
Puerto Rico aven 


Age ! at examination 


Lines present Lines present 


ae Melanie "ti Lines 


Number] Per cent 
BUTS RRA i SSS eae vie ae SU 584 200 34 384 
Under:8 months. 2. eoeiee5 a5. 2 196 34 17 162 
B10 Ue aNORUNS. 2. a5 -o2-2ecencee 146 51 35 95 
dd to:34 months 222 2-2 e253 222 105 47 117 
TA Toe CEs 27 1 nf een RE aS gen KS: Ci rg ae Spd: 2) |S ate: 
NOU TENOTCER A= 222 3257 20 10 (2) 10 


1Age is given as of nearest month; that is, ‘under 8 months”’ is actually under 7 months and 16 days, 
“8 to 13 months”’ is from 7 months and 16 days to 13 months and 15 days, inclusive, and so on, 
2 Per cent not shown because number of children was less than 50. 


SOCIO-ECONOMIC CONDITIONS AS FACTORS IN THE 
HEALTH OF PUERTO RICAN CHILDREN 


Because of the influence that certain social and economic conditions 
have in temperate climates on the incidence and severity of rickets, 
special study was made of the environment of these children living in 
a tropical climate. That poverty and ignorance and the accompany- 
ing poor hygiene and inadequacy of diet contribute in temperate 
climates to the development of rickets in its severest forms is generally 
conceded, but that these factors are not primary in the causation of 
the disease is shown by the essentially complete absence of the disease 
in Puerto Rico, where, according to the data presented in the following 
sections, the people are very poor and the diets of the lowest quality. 

Information on family groups, income, housing, and diet was sought 
in Puerto Rico, as in New Haven, primarily with the idea of demon- 
strating whether any relation exists between the socio-economic con- 
ditions and the presence of rickets, and secondarily as of interest in 
relation to the general health of the children studied. Since, as has 
been pointed out, no evidence of rickets was found in the vast majority 
of the Puerto Rican children examined, the absence of the disease under 
conditions that, in a colder and less sunny climate, contribute mate- 
rially to its development in the severest forms, is extremely striking. 
The great amount of severe rickets reported among Puerto Rican 
children living in crowded tenements in the city of New York makes 
even more striking the absence of rickets in the children studied in 
Puerto Rico. 

As has been pointed out earlier in this report, the children included 
in the study were brought for examination through the efforts of 
public-health nurses, and most of them had been brought previously 
by their mothers to the child-welfare conferences of the insular depart- 
ment of health. The data may be regarded, therefore, as character- 
istic of families that were intelligent enough to seek such health advice, 
probably representing the middle and lower economic groups of the 
people of Ponce and of San Juan and its outskirts. Of these two 
cities, San Juan not only is the larger but is the seat of the insular 
government and the port at which nearly all ships dock. In San Juan, 
therefore, there are greater opportunities for laborers and_ skilled 
artisans to find work, and, in general, as will be shown by the data 
» income, the people of San Juan are not so poor as the people of 

once. 

Home visits were made to 506 of the 534 families having children 
included in the study; 28 families could not be visited. Fifty of the 
families visited each had 2 children included in the study; the infor- 
mation collected through home visits, therefore, has to do with 556 
of the 584 children examined. 


SIZE AND COMPOSITION OF FAMILY AND OF HOUSEHOLD 


The households in which these Puerto Rican children were living 
varied considerably in membership. Besides households consisting 
of an ordinary family—mother, father, and their children—many 
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households were visited that included various persons not members 
of the family ®—children and adults, some relatives, some not. In 
many houses, because of economic pressure, two families had moved 
in together to form a single household. The houses were small, and 
the crowding was therefore great, as will be shown in the section on 
Housing (p. 69). 

Households were visited also from which one or more members of 
the family were absent. A number of children were being cared for 
away from home because of the poverty of their own families, and a 
number of fathers were living away from home. Some of these 
customarily remained away for months at a time as the seasonal 
demand for labor arose in different parts of the island, and some 
because by local custom family ties are loose. Many of the marriages 
were consensual or common-law marriages; but though it is possible 
that some of the fathers did not feel full responsibility for supporting 
the family, in general such families were relatively stable units of 
society. The children of such marriages, though reported as illegit- 
imate in the vital statistics, were considered legitimate in the social 
group to which they belonged and were accepted without question as 
members of the family. 

Table 13 shows the size of the family of which the child under 
observation was a member and also shows whether or not the house- 
hold in which he lived included persons other than members of this 
family. It will be seen that nearly one-half the families were com- 
posed of 3 or fewer persons living at home, about one-fifth of 4, and 
one-third of 5 or more. The size of the families ranged from 1 
person (the child under observation, cared for away from home) to 
15, the majority being composed of 3, 4, or 5 persons. The average 
number of persons in these families was 4. There was no difference 
on the whole in the size of the families in Ponce and in San Juan. 

Of the 503 families for which information was obtained on this 
point Table 13 shows that 241 were living in the same household 
with another family or with some person or persons not members of 
their own families. As would be expected, the smaller families were 
more likely to take other persons to live with them in the same house- 
hold than were the larger families. 'The number of persons in the 
household who were not members of the family of the child under 
observation varied considerably. Ninety-one households had but 
1 member in addition to the family of the child under observation; 
45 had 2; 41 had 3; and 64 had 4 or more. 


60 The term ‘‘family,’’ as used in this study, includes the child under observation, his mother, his full 
brothers and sisters and his maternal half-brothers and half-sisters living with him and his mother, and 
the man with whom the mother was living, whether they were legally married or net. Paternal half- 
brothers and half-sisters and other relatives are not considered members of the family even though they 
were living in the same household. 
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TABLE 13.— Number in child’s own family and presence in household of others than 
members of family; families visited in Puerto Rico 


Families visited 


Group in household 


Number in family Family only Family and others 
Seep 
Per cent Per cent | __, 2° 
Number | distribu- | Number | distribu- | "Ported 
tion tion 
Wemab sees Nis by > 17. 2) Ars eae >, } Gh Ee ee a 3 
Number reported_......-.-.---- 262 100 241 i ee 
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, Se a SS Ae eee 98 37 80 PS el ae Ss eh 
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FAMILY INCOME 


Information was sought as to the total family income for the year 
preceding the study for each family visited, the source of this income, 
the number of persons maintained on it,®' the occupation of both 
father * and mother, and any period of unemployment of the father 
during the year. Effort was made to determine the relation of either 
the total or the per capita income to various socio-economic factors, 
such as housing, unemployment of the father, necessity for the 
mother’s working, and adequacy of diet. 

As it was not possible for the investigators to interview the fathers, 
the information on income and unemployment was obtained from the 
mothers at the home visits. : 

The total family incomes for the year preceding the study are shown 
in Table 14. It will be seen that almost half the families studied 
were existing on incomes of less than $400 a year and that only 10 
per cent had incomes of $1,000 a year or more. Of the 39 families | 
that had an income of $1,000 or more, only 7 had $2,000 or more. / 
Many families with very low incomes might be cited; as, for example, 
a mother and child who had a total income of less than $50 for the 
year and two families of 3 persons each, existing on $75 a year for 
each family. Each of 14 families reported a total annual income 
of less than $100. These figures represent estimates of the income 
in money only; any assistance in the form of food, clothing, and shelter 
that may have been given by friends or relatives is not recorded. A 


‘1 The ‘‘income group” consisted of the persons who were supported by the total family income, whether 
ped pa living in the household as members of the family or boarders or whether they were living away 

om home. 

6 For the purpose of this study the term ‘‘father”’ is used to designate the man with whom the mother 
was living, whether or not she was married to him and whether or not he was the father of the child under 


observation, ° 
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great majority of the families studied were exceedingly poor. The 
relative smallness of the incomes reported may be judged by the fact 
that food prices in Puerto Rico for staple supplies such as rice and 
beans were about the same as in continental United States, but it 
should be noted that rents were a small item in the budget, that the 
problem of heat for the house did not exist, and that little was spent 
for clothing. 

Table 14 also brings out the fact that incomes in Ponce were signifi- 
cantly smaller than those in San Juan. In Ponce 63 per cent of the 
families had incomes of less than $400 for the preceding year, whereas 
in San Juan only 41 per cent had similarly low incomes. 


TABLE 14.— Annual income of families visited in San Juan and in Ponce, P. R. 


Families visited 


Total San Juan Ponce 

Annual income 1 —_——$§$. | ui _____ 

Per cent Per cent Per cent 

Number | distribu- | Number | distribu- | Number | distribu- 

tion tion tion 

GUS wads co akwa chs doe iecnedence: SOG: bo sse52 2. DOT on Se cne 1B |) ooo eae 
Amount reported --...-..----------------- ssf 00 | MT | 
ans nan S100. 25. cack ace bes. 14 4 7 3 7 5 
$100, less than $200-_ ---- 36 10 18 7 18 14 
$200, less than $400_-_--- “ 134 35 77 31 57 44 
$400, less than $600__-- 85 22 61 25 24 18 
$600, less than $800__-...--.-----...-.- 47 12 34 14 13 10 
S500; ines than $1,000. 0200.2... 222 23 6 16 6 7 5 
PA OVO DE TROP. on suits sees Saawign do 39 10 34 14 5 4 
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1 Aggregate amount contributed to family support. 


Table 15 shows the number of persons maintained on the incomes 
reported. Comparison of the incomes of the smaller families (four 
persons or fewer maintained) with those of the larger families (five per- 
sons or more maintained) shows that, though the smaller families 
tended to have slightly smaller incomes, on the whole incomes did not 
increase significantly with increase in number maintained. In other 
words, as would be expected, the larger the group maintained the 
smaller was the income per person and the less satisfactory the eco- 
nomic conditions in general. 


TasBLeE 15.—Annual income of family and number of persons maintained on this 
income; families visited in Puerto Rico 


Families visited 


Annual income! Number maintained on family income 

Sa Not re- 

3 or fewer 4 5 6o0r7 |8or more ported 
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Amount not reported_-__.....-- 128 22 


1” Ageregate amount contributed to family support. 
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SOURCE OF INCOME 


The source of income—that is, the persons who furnished it—was 
known for 498 of the 506 families visited. For 474 families it was also 
known whether the father or the mother or some other person was the 
chief support. In all but 24 of these families the mother or the father 
was the sole or the chief support. As will be seen in Table 16, in 399 
families the father was the sole or chief support, and in 17 he contrib- 
uted a smaller proportion to the income. In 51 families the mother 
was the sole or chief support, and in 120 she contributed a smaller 
proportion to the income. 

Of the 506 families that were visited only about three-fourths (378) 
reported their total annual incomes. Of these all but 1 reported also 
the source of income. Among the 377 families whose incomes were 
reported and for whom source of income was known, it was plain that 
as a whole those whose sole or chief support was the father had greater 
incomes than those whose sole or chief support was the mother or some 
other person. Of the 332 families whose income was known and who 
were supported solely or chiefly by the father, more than one-half had 
total annual incomes of $400 or more; of the 45 families supported 
solely or chiefly by the mother or some other person less than one-third 
had incomes of $400 or more. 


Tasie 16.—Persons contributing to family support and person furnishing chief 
support; families visited in Puerto Rico 


Families visited 


Persons contributing to family support Person furnishing chief support 


Total 

Not re- 

Father | Mother | Other! ported 
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1 Includes relatives and outside agencies. 


EMPLOYMENT AND WAGES 


Because of the fact that most of the children examined in this study 
lived in cities, it is not surprising to find that very few of the fathers 
were employed in the leading industries of the island, namely, the 
raising of sugar, tobacco, coffee, and fruit. A large proportion of the 
fathers were engaged as skilled or semiskilled workers or as laborers in 
manufacturing and mechanical industries or in transportation. Others 
were employed in various branches of trade or in public or domestic 
service; a few were employed in clerical positions. 

Wages were low, there was an oversupply of laborers, and they had 
long periods of unemployment. Wages for men working in the fields 
varied from 25 cents a day to $1.25." In the cities wages were a little 
higher. Many jobs, however, because of seasonal or other periodic 


63 For average daily earnings in various industries see Puerto Rico; what it produces and what it buys, 
p. 11 (Trade Information Bulletin No. 785, Bureau of Foreign and Domestic Commerce, U. 8. Department 
of Commerce, Washington, 1932), 
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variations, provided a relatively small amount of work during the 
year; and many, though lasting the year around, provided only two, 
three, or four days’ work a week. 

In addition, because of the long-continued habit of subsisting on 
an extremely small income, many of the men voluntarily worked only 
a few days a week. The oversupply of laborers, their general lack of 
physical vigor—for which hookworm, malaria, and inadequate diet 
were probably largely responsible—and their lack of knowledge of 
any mode of life other than that providing the barest subsistence were 
probably the underlying causes of this intermittency of work. The 
poor physical condition of the average laborer was alone enough to 
account for his lack of ambition for a steady job. He was usually 
satisfied with just enough to provide the traditional rice, beans, and 
coffee for his family. 

The women of the family frequently attempted to supplement the 
income derived from the men’s wages, but they were even more under- 
paid than the men. In the fields and factories women might receive 
as little as 40 to 50 cents a day, and for home needlework the pay 
was often less. A minimum-wage law attempted to meet the problem 
of low wages for factory workers. It did not, however, meet the 
problem of handwork done in the home. Many women who had to 
stay at home to care for children spent long hours at embroidery or 
other forms of needlework, earning $1.25 to $2 a week. Consequently, 
even the mothers who worked steadily could add but little to the 
family income. Asa rule, the mother who worked probably earned 
$25 to $100 a year. Some earned as little as $10 a year, others as 
much as $200 or $300. Since it often happened that the mother 
worked when the father was unemployed, the income of a family to 
which the mother as well as the father was reported to be con- 
tributing might not be very different from the income to which the 
father alone contributed. Other members of the family sometimes 
added a little to the family income; but since they had to meet the 
same labor conditions as the father and the mother, the amount they 
were able to contribute was usually small. The majority of the women 
who were employed were engaged in domestic labor or in sewing. 


UNEMPLOYMENT OF FATHER 


The income was low in many families, partly because the father was 
unemployed much of the time. The duration of the father’s unem- 
ployment, the total annual income, and the source of the income are 
known for 334 families. For these families it was reported that 140 
of the fathers (42 per cent) had been unemployed for varying periods 
of time during the past year—42 fathers for less than 3 months; 51 
for 3 to 5 months; 38 for 6 to 8 months; and 9 for 9 months or more. 
The figures for duration of unemployment include both long periods 
of unemployment at a single stretch and the estimated aggregate of 
ici ous aa of men employed regularly but for part of the time 
only. 
Table 17 shows the duration of unemployment of the father and 
also the annual income for the 334 families for which the data with 
regard to unemployment and income were known. Of the 194 
families in which the father was regularly employed, the total income 
fell below $400 in only 62 families (32 per cent); whereas of the 140 
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families in which the father was unemployed for various lengths of 
time, 86 families (61 per cent) had incomes below $400. 


TaBLE 17.—Annual income of family in relation to the father’s unemployment; 
families visited in Puerto Rico 


Families visited 


Unemployment of father Father 


Annual income! dead, not 
oo 
with fam- 
Less |3 months,| 6 months, 9 months | Not re- | ily, or not 
None | than 3 ess ess a ib 
months| than 6 | than 9 | %& more | porte contrib- 
uting 
a PB a 2 ea ea 230 46 57 50 14 54 55 
Less than $200_............. 6 2 6 16 1 6 13 
$200, less than $400____._._- 56 ll 26 17 7 13 4 
$400, less than $600______.-- 45 17 15 4 1 1 2 
, less than $800________- 40 5 Priseeccsaseh las aa iee. cand bee ee ee 
, less than $1, 000______- 17 1 1 5 ee | tee ee 1 
MN ON ALONG Sn ss 30 4 jE eS ey as a SO 2 2 
Amount not reported - - ___- 36 4 6 12 5 32 33 


1 Aggregate amount contributed to family support. 
FAMILY INCOME IN RELATION TO DIET 


The relation of the total family income to the use of various essen- 
tial articles of diet, such as milk, butter, eggs, and green vegetables, 
will be discussed in the section on Family diets (p. 78). Suffice it to 
say here that, as would be expected, a definite association was found 
between the size of the family income and the frequency with which 
the essential foods were eaten by the family. There would seem to be 
little doubt that if the families were to receive an adequate income 
and some further education, the quality of the Puerto Rican diets 
would rapidly improve. 

PER CAPITA INCOME 


As the per capita income for the year takes into consideration not 
only the family’s annual income but also the number of persons main- 
tained by it, a better picture of the amount of money available to 
support an individual over a year’s time is given by per capita income 
than by family income. In the study of such factors as the mother’s 
diet and the child’s physical condition, therefore, the per capita 
income is used instead of the family income. Since it has already 
been shown that the total annual family incomes did not vary signifi- 
cantly with the number of persons maintained, it is obvious that the 
pes capita income was considerably smaller in the larger families and 
arger in the smaller families. Table 18 shows this relation. 

me of the per capita incomes were found to be extraordinarily 
small. In 12 families, varying in size from 3 to 14 members, the per 
capita income was less than $25 a year. There is no reason to believe 
that these figures are not approximately correct. Persistent effort 
was made to get all the information possible regarding incomes, 
the incredible smallness of the figures acting as a stimulus to the 
investigators. 
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TABLE 18.—Annual per capita income and number of persons maintained on annual — 
income; families visited in Puerto Rico 


Families visited 


Total Number maintained on annual income ! 
Annual per capita income ! g 8 or less . 6 Sor? 
er 
cent Not 
Num-| Gis- Per Per Per Per | 8or | re- 
ber- |tribu-lNum-| CeDt Inum-| ce2t INum-| ce2t [um-| cent |more4| port 
tion | ber |, US | ber | 4S: [ber |, SF ber |, tis e 
tribu- tribu- tribu tribu- 
tion tion tion tion 
(OUeestc. hi 5555-5 0G looavea 246 es OB ie ot ae aE Nesakse 37 75 
Income reported _ __-.------ 377 | 100] 124] 100 86 | 100 70} 100 65 | 100 G2) 4h. Bosex 
Less than $50. _._-.-..-- 66 18 10 8 12 14 13 19 21 32 364) ee 
$50, less than $100- ._-- 130 34 33 27 30 35 28 40 26 40 Bot 222 
$100, less than $150- __-- 91 24 27 22 23 27 20 29 14 22 Ly eS 
$150, less than $200. ---- 38 10 21 17 9 10 6 9 1 2 Bi eee 
$200 OF ANOPe= 22 — =.= .22 52 14 33 27 12 14 3 4 3 5 i) et 
Income not reported --_-___- | i Raa > AS i a DY eae 0s Bl Pees chy ea 5 75 


1 Aggregate amount contributed to family support. 
2 Per cent distribution not shown because number of families was less than 50. 


Per capita income and diet of mother. 


The relation of the per capita income to the quality of the mother’s 
diet will be discussed in a later section (p. 88). Similar study of the 
relation of the per capita income to the child’s diet proved to be not 
feasible, as at the time of the study the number of children who had 
been weaned and were, therefore, dependent on the family budget for 
their food was too small. 


Per capita income and physical condition of children. 


The physical status of the children, as judged clinically by the 
amount of subcutaneous fat, varied with the per capita income of the 
families to which they belonged, when the group of relatively well- 
nourished children was compared with the group of poorly nourished 
ones. Of 247 children with amounts of subcutaneous fat estimated 
as ‘very good” or “good,” 122 (49 per cent) were in families with a 
per capita income of less than $100 a year, whereas of 51 children 
with subcutaneous fat estimated as “poor” or “very poor,’ 35 (69 per 
cent) came from families with similarly low incomes. As the group 
of children with “poor”? amounts of subcutaneous fat is small, the 
difference in the proportions is probably not great enough to be con- 
sidered definitely significant, but this finding certainly suggests that 
low incomes had a direct bearing on the poor physical condition of 
many of these children. That such a large proportion of children 
(49 per cent) who showed what was estimated to be a “good” grade 
of subcutaneous fat should be found in families in which the per capita 
income fell in the lower group is surprising until it is remembered 
that the standards for estimating amounts of subcutaneous fat were 
in all probability lowered to fit the group in Puerto Rico, and that 
the ‘“‘good”’ grades of subcutaneous fat should be thought of as “fair” 
according to usual standards in continental United States, and the 
“fair” grade as poor. 


Ne 
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HOUSING 


Interest in the housing conditions of the families included in this 
investigation was centered in the amount of crowding in the house 
and in the possibility of exposure of the children to sunlight, both in 
the houses and out of doors in the yard or patio. 


CROWDING 


The degree of crowding in these Puerto Rican households is shown 
by the so tion between the number of rooms in the house or apart- 
ment and the total number of persons occupying them. (Since the 
kitchen in some houses was part of the house and in others was in a 
shed or in the patio, it has not been counted in the number of rooms 
used by the household.) From Table 19 it is seen that in 98 house- 
holds of 5 to 6 members each and in 54 of 7 to 10 members each the 
members of the household were crowded together in one or two rooms; 
one household of 11 members had only two rooms. This crowding 
is especially serious in consideration of the size of the rooms, usually 
about 8 to 10 feet by 10 to 14 feet. In connection with this crowding 
it should be remembered that the risk of transmission of communicable 
disease is very greatly increased by such close contact. It is not 
surprising that tuberculosis, when once introduced into such a house- 
old, spreads rapidly. 

Table 20 shows the relation between the number of rooms occupied 
by the household and the presence in the household of persons other 
than members of the family. That nearly one-third of the house- 
holds living in one room and two-fifths of those living in two rooms 
included some person or persons other than the members of the child’s 
family is striking evidence of the economic pressure under which 
these families were living. 


TABLE 19.—Number of persons in household and number of rooms (exclusive of 
kitchen) oceupied by household; families visited in Puerto Rico 


Families visited 


Wathber in household Number of rooms occupied by household 


Total 


Not re- 
ported 


1 2 3 4 or more 
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TABLE 20.—Number of rooms (exclusive of kitchen) occupied by household and 
presence in household of others than members of child’s own family; families 
visited in Puerto Rico 


Families visited 


Group in household 
Number of rooms RI Fe TT EE ETS TB AR Be el ep jy 
Total Family only Family and others 


FURNISHINGS 


Not only did the families lack the household water supply and sani- 
tary conveniences usual in cities and towns in continental United 
States, but their homes were bare of the household furnishings and 
utensils that are ordinarily considered essential. A few families had 
beds, but the majority of the houses that were visited had only canvas 
or rope hammocks that could be taken down and put aside during the 
day. In the city dwellings and in some of the larger frame cottages 
chairs were found occasionally. Nearly every house had a small table 
or a built-in shelf that could be used as a table, and most of the houses 
had a small charcoal stove on which all the family cooking was done 
and on which the water for washing clothes and the ftatirons were 
heated. In the poorer families tin cans were used as cooking utensils 
or even as a substitute for the stove itself. 


EXPOSURE TO SUNLIGHT 


The majority of the families included in the study lived in the largest 
cities on the island, San Juan and Ponce, and some lived on the out- 
skirts of San Juan. The children in Ponce had much better opportu- 
nities to get sunlight than did the children of San Juan and its out- 
skirts. The types of houses varied considerably in the different sec- 
tions of the cities, but they had one characteristic in common, namely, 
a complete absence of window glass. The great majority of the houses 
were provided with latticed shutters for windows and doors; and as 
these doors and windows were almost invariably open except in stormy 
weather, sunlight entered most of the houses or apartments at some time 
during the day. A few apartments, mostly in the tenements of San 
Juan, admitted no sunlight at any time. These will be discussed later. 

More than four-fifths of the dwellings investigated had direct 
access to a yard or patio where much of the family housework 
was done and where the children could play. Such yard space was 
sometimes inclosed within a large building as a court, or between two 
buildings, or, as in the suburbs or barrios, it was frequently a small 
plot of ground surrounded by several frame houses or huts. Of the 
dwellings reported to have no patio or yard, a majority were either 
huts crowded together or city tenements, 
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Types of houses in relation to sunlight 

The houses in which the families lived varied in type considerably 
with their location. In the city of San Juan proper, the most charac- 
teristic dwellings were the tenements; some of these had been con- 
verted from old Spanish buildings and some had been built recently. 
In the better suburbs of San Juan, such as Santurce and Barrio Obrero, 
small frame houses and ranchons, or row houses, predominated. In 
the poorer districts on the outskirts of San Juan, such as La Perla, 
Puerta de Tierra, Tras Tallieres, and the swamp district, the houses 
were largely huts or shacks, hastily and poorly constructed. In Ponce 
the majority of the houses were either small frame houses or huts. 
These are more characteristic of the usual Puerto Rican dwelling than 
are the tenements of San Juan. 

Of the 556 children whose homes were visited, 113 (20 per cent) 
lived in the tenements of San Juan proper, 144 (26 per cent) lived in 
frame houses or ranchons in the suburbs of San Juan, 104 (19 per cent) 
lived in huts in the poorest districts on the outskirts of the city, and 
190 (34 per cent) lived in Ponce, where the characteristic dwelling was 
a small frame house or hut. For five children living in San Juan the 
district in which they lived was not reported. 

San Juan proper.—The tenements of San Juan proper were of four 
kinds. One kind consisted of tenements converted from old Spanish 
private dwellings. Most of these were two or three stories high; and, 
as they were ordinarily surrounded by similar high buildings, the pa- 
tios, which were either in the center of the house or next to the wall of 
an adjoining building, were small and in a few cases completely shaded. 
Frequently there was an overhanging balcony around the patio on two or 
three sides, so that the rooms below were much darker than those above. 
In some of these tenements the patio was sunny for three to four hours 
during the day; in others the patio as well as the lower apartments re- 
ceived only reflected sunlight. There were many apartments in each 
of these houses. A few of these apartments did not open to the out- 
side and were dark, with the exception of those on the top floor, which 
had skylights. This type of house had less sunshine than any other. 

A second kind consisted of converted public buildings, such as mon- 
asteries or palaces. These were usually two stories high, built of 
stone, with stone floors in the rooms and patios. The original large 
rooms had been divided by low, thin partitions into apartments, the 
larger rooms being turned into three or four apartments, the smaller 
ones into one or two. These apartments usually had one to three 
small rooms, each room being about 8 to 10 by 10 to 14 feet in size. 
Frequently one room opened on a patio or balcony, and another on 
the street. Those apartments having three rooms usually had a cen- 
ter room with no opening to the outside except through the other two 
rooms. Since the two end rooms were small and usually sunny during 
some part of each day, these center rooms were, as a rule, not totally 
dark. Some of the buildings, however, had basement apartments that 
were totally dark, having no window nor door opening to the outside. 

The third kind of tenement, which, on the whole, had more sun 
than either of the kinds previously described, was built on the side of 
a hill, with a series of patios on different levels or with a patio on the 
ground floor and receding balconies on the upper floors. The apart- 
ments in the buildings had one to four rooms, usually with at least one 
opening on a sunny patio or balcony, In some of these buildings 
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there were dark apartments that opened only on a hall; but, even if 
the sun did not actually enter the house, there was opportunity for the 
occupants to have easy access to sunshine for several hours each day. 

The fourth kind, recently built and few in number, was constructed 
so that sunlight entered all apartments and was easily available in the 
patios. Such buildings were one to two stories high, and each sur- 
rounded a good-sized, sunny patio. In many cases apartments of 
three or four rooms extended from the street to the patio, with an 
opening at each end. As the partitions between the rooms were usu- 
ally low, considerable light reached the inner rooms from the door or 
windows that opened into the street or patio. The tenements that 
were placed on the three sides of the patio away from the street were 
divided into one and two room apartments, the front room of each 
opening on the patio. Usually the patio was large and the building 
low enough so that it was sunny nearly all day long. Moreover, most 
of these apartments had sun shining into one or more rooms for part 
of the day, so that on the whole they constituted the sunniest type of 
house in San Juan proper. 

It should be pointed out in conclusion that a great majority of the 
apartments in all these tenements had access to a sunny patio or to 
the street and that only a few of the apartments themselves were 
totally dark. 

Outskirts of San Juan.—Santurce, Barrio Obrero, Sunoco, and Rio 
Piedras were places on the outskirts of San Juan from which children 
were brought to be examined. The houses there were:smaller than in 
the tenement districts and were in general of four types: Frame cot- 
tages, huts, ranchons, and 2-story houses. 

The majority of the people in these places lived in little frame cot- 
tages that were constantly exposed to sunlight. These houses had 
one, two, or four small rooms averaging about 8 feet by 10 feet in size. 
Usually there was a door opening from each room to the outside, and 
each house had two to four windows. The houses were raised from 
the ground on stilts, some only a few inches, others several feet. In 
Barrio Obrero and Rio Piedras the houses were arranged along streets, 
each house having its own yard. Some of the houses were shaded by 
trees, but the great majority were very sunny. In Sunoco and San- 
turce many of the houses were like those in Barrio Obrero. In some 
sections, however, they were not built along the streets but were 
grouped together irregularly with openings here and there resembling 
patios or yards. Occasionally the houses were fairly close together, 
with little or no yard space, but since they were low and small they 
were nearly all very sunny. A few small huts, similar to those in the 
swampy districts, to be described later, were found scattered among 
the other types of dwellings in Santurce. : 

Numerous ranchons, or rows of one-story houses, were found in San- 
turce. They varied somewhat in size and shape and were divided 
usually into apartments that were four rooms deep with a door at 
each end. The rooms were very small, so that light passed easily into 
the inner rooms. Despite the fact that these ranchons were often 
built close together, it was found that usually one room of each apart- 
ment was sunny for a part of each day. Most of them opened into a 
iy yard, so that sun was easily accessible to anyone living in these 
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In addition, there were a few small 2-story houses in Santurce. 
Some were occupied by one family, more by two families, and many 
by four or more families. As a rule, each family occupied one room. 
Most of these houses were sunny, but some of them that were built 
close together along the main streets were not sunny nor had they 
available sunny patios. f 

In the poorest districts on the outskirts of San Juan (La Perla and 
San Miguel, Puerta de Tierra, and Tras Tallieres), as well as along 
the edges of Santurce in the swampy region, the houses were, as a 
rule, the poorest type of hut or shack. 

La Perla and San Miguel are two districts that extend down the 
cliff from the city wall to the edge of the sea. The hill is very steep, 
and many of the houses stand on high stilts on one side and are 
crowded together on the face of the cliff, without streets or sidewalks. 


The shacks usually had but one room about 10 feet square; they were 


constructed of all sorts of material, such as pieces of boxes or sheets 
of iron. Sometimes there was a window, with or without a shutter, 
but ordinarily the only opening was the door. If there was a second 
room it had, as a rule, no opening to the outside. In these huts one 
or more families lived, crowded together. There was no yard in 
which the children might play. The sanitation of these districts was 
very poor, few latrines were provided, and garbage and refuse were 
thrown out into the passageways between the shacks. However, both 
districts were sunny; and though there was little space where the 
children could play in the sun, they must have had the benefit of a 
considerable amount of the sunlight that entered the huts through 
doorways or windows. 

Puerta de Tierra was divided into two parts. The upper part was 
dry and sunny, with little frame houses and a few 2-story tenements. 
In the lower swampy part, an open sewer ran down the middle of the 
street and overflowed under the houses when the tide was high. The 
huts resembled those in La Perla, except that they were perhaps even 
more dilapidated. They were all on stilts, and the ground under 
many of them was very wet. The huts were exposed constantly to 
sunlight, but there was no play space for children around them. 

In Tras Tallieres and the swampy regions of Santurce the sanitary 
conditions were somewhat better, as there were no open sewers here. 
On the higher ground stood little frame houses, and on the lower, huts sim- 
ilar to those already described. Some of the houses stood on stilts over 
water and others were on little mounds surrounded by a ditch and 
marsh; these had to be approached by means of narrow plank walks 
over the swampy land. Many of the houses had no sunny play space 
about them, but the houses themselves were almost invariably sunny. 

Ponce.—The types of houses found in Ponce were very similar to 
those found in the outlying districts of San Juan. There were a few 
blocks of 2-story buildings in the downtown section; but most of the 
people lived in small frame houses, in huts, or, occasionally, in nfl 
houses, which were scattered over the plain and upon the hills wit 
nothing to shade them. The ground upon which these houses were 
built was dry, and the sanitation was much better than in the poorer 
districts of San Juan. Nearly all the houses of Ponce had plenty of 
sunshine available within the house. 

It is readily seen from this discussion of types of houses that with 
the exception of some of the worst of the tenement houses in San 
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Juan, practically all the Puerto Rican houses that were visited had 
some sunshine easily available either in the patio or in the house itself. 
In the tenements of San Juan proper, where the apartments were 
dark, sunlight was usually available in the neighboring patios; in the 
huts of the swampy districts, where sunny play space was more or less 
lacking, sunlight was usually available rat the house or in the door- 
way or on a porch. 
Availability of sunlight in houses and diagnosis of rickets. 

Each of the houses studied was graded according to the approximate 
length of time that sunlight entered by either door or windows. At 
the time of year when the study was made, every house had both win- 
dows and doors open all day long, and most of the mothers stated that 
they closed them only when it rained hard or when it was very hot. 
Table 21 shows the length of time that the houses were reported to be 
sunny. A large proportion (512, or 92 per cent) of the children stud- 
ied lived in houses that were sunny part of the day at least. About 
65 per cent of the whole group lived in houses into which the sun shone 
through the open door or through unglazed windows for five or more 
hours a day. These were chiefly the frame houses or huts common in 
the suburbs and swamp districts of San Juan and in Ponce. One 
hundred and twenty-six children (23 per cent) lived in houses or apart- 
ments that had sun two to four hoursaday. Most of the apartments 
were in ranchons, tenements, or 2-story houses, with the sunny doors 
or windows on one side only, so that the sun shone into the apartment 
only part of the day. 

The 26 apartments that were sunny for less than two hours daily 
were nearly all in the tenements of San Juan. They had doors or 
windows opening under balconies or on patios surrounded by high 
buildings. In some of these houses the sunlight entered only for a few 
feet. ‘Twenty-seven children lived in houses into which the sun did 
not shine at all but which were near a sunny patio or open space. A 
few of these houses were fairly dark, but as the sunlight was easily 
accessible, they were graded as slightly better than the 14 houses that 
not only were dark but also had no sunny yard nor patio. Three of 
these 14 latter houses opened into small, Siete patios, 6 opened into 
narrow passageways, and 5 opened only into hallways. 


TasBLE 21.—Children living in houses having estimated number of hours of sunlight 
a day; families visited in Puerto Rico 


Children in families | 
visited 
Estimated magne of hours a day of sun- 


ight in house Pér cent 

Number | distri- 

bution 
DGUMAS - A stad $258 ChE eee ee eee 556 
WOMPeTeUOL Us 2 ekcl Seog eae 553 
HOURS OF MORO. cos og tee 360 
$10 2 DO0urs.f6 2 ss ceo eee 126 
ess than 2 hours -sic.53 hoc 26 

None in house, but sun easily acces- 

Silesia ee 27 
PIOBO estes at Oe fe se wired oO aie 14 
Hours not reported ss. - 2. .-4aenccse cence 3 
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The almost complete absence of roentgen-ray evidence of rickets 
goes to show that the amount of sunlight received was adequate to 
prevent the disease in nearly all the children. Moreover, it is obvious 
that there were too few cases of rickets to make it possible to draw any 
conclusions regarding the effect of the different amounts of sunlight 
that were available indoors. The fact that sunlight was available in- 
doors as well as out is, however, probably of greater significance in the 
prevention of rickets among the infants, who spent a large proportion 
of their time in the house, than among the older children, who could 
go out by themselves. As has already been pointed out (see p. 46), 
only one infant showed severe rickets, and it is of interest to note here 
that this child lived in a house that received no sun at any time and 
that he was not taken out of doors at any time. The group of children 
for whom a clinical diagnosis of rickets was made is also too small to 
show what part was played in the diagnosis by the amount of sunlight 
available in the house. 

The influence of the amount of sunlight available in the house on the 
prevention of rickets may be shown indirectly, however, through its 
relation to the presence of tanning of the skin, which is evidence of 
direct exposure to sunlight. A larger proportion of children who were 
tanned than of children who were not tanned lived in houses that were 
sunny for more than four hours each day or had a sunny yard available 
as play space. 
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DIETS OF PUERTO RICANS “ 


Poverty, local customs, and climatic conditions in Puerto Rico tend 
to limit the diet of the people. The basis of the diet was rice and 
dried beans, which, though largely imported, were the cheapest foods 
available. Tuberous vegetables and small amounts of meat or salt 
codfish were also used, and fruit in small quantities. There was not 
an adequate local supply of such foods as milk, butter, eggs, and fresh 
vegetables, which in continental United States are considered essen- 
tial for the health of adults and for the health and normal growth of 
children, nor could the people as a rule afford to buy them. Besides, 
most of these families had no way to keep these perishable foods from 
day to day, and they had to buy them in small quantities if at all. 

The diets of the families visited were unbelievably monotonous; 
there was very little variation from day to day and from family to 
family. The diets were poor in minerals, vitamins, and protein; 
many were low in caloric value also. The daily diet for the average 
family can be summarized as rice and beans twice a day—usually in 
large amounts, especially of rice; coffee twice or three times a day, 
with unrefined sugar and with or without a small amount of milk; 
bread in very small quantities, usually without butter; tuberous vege- 
tables; and fruit in small quantities, the fruit chiefly for the children. 
Some families had nothing but rice and beans, and a few were found 
that did not even have both rice and beans every day. 

The traditional dish of rice and beans was kept from being too 
monotonous by varying the method of cooking the rice, by using dif- 
ferent types of beans (such as black beans, kidney beans, and navy 
beans), and by using peppers and spices for flavoring sauces made 
from the beans or by using olive oil on the rice in place of bean sauces. 

Nearly all the families visited during the study—all except the very 
poorest—used some vegetables other than beans several times a week 
at least, as well as small amounts of meat or dried codfish. By use of 
these additional foods they added some vitamins and minerals to their 
diets, but not enough to bring the diets up to recognized standards. 
The additional foods were often served as stew or a cold dish similar 
to stew that was called ‘‘salad.’”” A small amount of meat or salt cod- 
fish, rarely more than a quarter of a pound and often less, was custom- 
arily cooked with tuberous vegetables, such as white potatoes, sweet 
potatoes, or yautias, or with green platano (plantain), and sometimes 
with a small amount of tomato, cabbage, or beans. When such a 
stew or salad was served it was likely to take the place of rice and 
beans at one meal or to be served with rice in place of beans. 

In many households enough rice and beans were prepared at noon 
to serve at both the noon and evening meals. The lack of cooking 
facilities made it impossible to have much variety of food at any meal. 


% For further information on Puerto Rican diets see the series of bulletins entitled Tropical Foods, by 
yy Mae Willsey, published by the University of Puerto Rico, Rio Piedras. (First bulletin of series dated 
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As there were no facilities for storage of food or for refrigeration, 
only the staple supply of rice and beans could be kept on hand; all 
other Tate cemtiablos meats, fruits, and milk—had to be bought, 
prepared, and eaten on the same day. In the market women were 
seen buying a part of a tomato, one onion, a few tuberous vegetables, 
or a few peppers as the daily supply for the family. Milk was often 
poet’ in very small quantities—even a cupful at a time—from street 
vendors. Milk for the baby may have been bought from a dairy. 

The families who were better off than the average and who lived 
near enough to a market so that they could go there often were able 
to add more variety to their diets in the way of fruits and fresh green 
vegetables. Among the vegetables added were string beans, water 
cress, lettuce, cabbage, celery root, as well as gandules (pigeon peas), 
chayote (a vegetable resembling summer squash), and other vegetables 
grown on the island. 

Fruits—oranges, bananas, mangoes, pineapples, and cherries— 
were used more or less regularly by a large proportion of the families, 
although the adults did not eat fruit so often as did the children. As 
there were no facilities for baking in the average home and as bakery 
food was both expensive and not easily available, bread and pastry 
were little used. Cereals, except rice, were used only occasionally. 
Raw sugar-cane was eaten as a sweet by both adults and children. 
Sweets other than sugar were used hardly at all. Granulated sugar, 
unrefined, was used freely in coffee, but not for other purposes. 

Coffee was used customarily in all the households one or more times 
a day by the adults, and frequently by any or all of the children who 
were no longer breast fed. When a child was weaned, he was all too 
often given coffee, sometimes with milk, sometimes black. Most of 
the adults drank their coffee black, although some added a little milk. 

Practically all the milk taken by the adults was the small amount 
that they put in their coffee. Though some milk was provided by 
many families for the children, relatively little was bought for the 
adults. Some families, who bought no fresh cow’s milk, used small 
ee of condensed, evaporated, or dried cow’s milk, or of goat’s 

ilk 


The price of butter was so high as to be practically prohibitive. 
Eggs were used very little. 

Detailed information was sought from the 506 families visited 
regarding the use of certain foods that in continental United States 
are considered necessary for an adequate diet. Estimates were ob- 
tained of the amount of milk used daily, the amount of butter and the 
number of eggs used weekly, and the number of times a week that 
meat or fish, fruit, leafy vegetables, and other vegetables were used. 
Effort was made to ascertain that the amounts reported were approxi- 
mately those that were used customarily. 

The data on these foods will be taken up under the following gen- 
eral divisions: (1) The diet of the family as a whole; (2) the diet 
of the mother of the family, with special emphasis on the food taken 
during periods of pregnancy and lactation; and (3) the diet of the 
child, as reported by the mother. 

It should be borne in mind that nearly all the families studied 
lived in cities or on the outskirts of cities and therefore had easier 
access to markets than did many rural families, and that they were 
practically all families that were being taught by public-health nurses 
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to use such essential foods as milk and leafy vegetables. The diets of 
these families were probably better, therefore, than those of the 
average Puerto Rican family. 


FAMILY DIETS 
MILK 


Information with regard to the purchase of milk was obtained from 
487 of the 506 families visited. Only 10 of these families bought no 
milk at all; 15 bought fresh milk for the use of one special member of 
the family only, usually the youngest child or the mother; 393 bought 
fresh milk for the use of the whole family (both these groups were 
able to report with fair accuracy the quantity purchased daily); 69 
bought canned milk, but reported the quantities so roughly that no 
attempt was made to record them. 

Of the families who reported the quantity of fresh milk purchased, 
it will be seen that nearly two-fifths bought less than 1 liter © a day 
(as a rule about half a liter, or 1 pint). Nearly one-half the families 
bought 1 liter a day or a little more. Only about one-sixth bought 
as much as 2 liters a day. Considering the fact that each of these 
families averaged four members and that each included at least one 
child under 3 years of age, who should have had milk as the basis of 
his diet, or a child who was still breast fed and whose mother there- 
fore should have been drinking milk freely, these quantities are small. . 
Compared, however, with the per capita consumption of milk by the 
population of the island as a whole—namely, 1 to 2 ounces daily— 
these quantities seem relatively good and illustrate what could be 
accomplished educationally by the nursing staff of the department of 
health throughout the island if the supply of milk were greater and 
more easily available. 

Families with incomes smaller than $400 yearly purchased consid- 
erably less milk than those with incomes of $400 or more. Less than 
one-half the families with the smaller incomes and more than three- 
fourths of those with the larger incomes bought a liter or more a day. 


BUTTER 


Butter was used in very small amounts by the majority of the fam- 
ilies interviewed; 31 per cent of those reporting used no butter at 
all, 23 per cent used less than a quarter of a pound a week; 35 per 
cent, a quarter of a pound to a pound; and 12 per cent, 1 pound or 
more. No family used more than 3 pounds a week; and though in 
general the larger families used somewhat more butter, some of the 
largest, even those consisting of 10 or more members, used less than 
a quarter of a pound a week. On the whole, the families that used 
very little milk were the ones that used very little butter also. 

As with milk, the poorer the family, the less butter was used. 
About two-thirds of the families whose total annual incomes were less 
than $400 each used no butter, or less than a quarter of a pound a week, 
and about one-third of the families whose incomes were $400 or more 
used similarly small amounts. 

EGGS 


Very few eggs were used by the families interviewed. Thirty-eight 
per cent of the familes reporting had used no eggs in the week before 


85 A liter is approximately the equivalent of 1 quart. 
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_ the interview; 35 per cent had used not more than half a dozen; 18 
per cent, half a dozen to 2 dozen; and 9 per cent, more than 2 dozen. 
_ As with milk and butter, the poorer the family the fewer eggs were 


used. 
MEAT AND FISH 


Meat, or more often dried codfish, was reported to have been used 
several times a week by all but four of the families interviewed; 
nearly half the families reported using it less than five times a week. 
_ In this connection it should remembered that meat and codfish were 
usually used in very small amounts, chiefly as flavoring in stews 

or salads. Rarely was more than a quarter of a pound used daily 
_ by the average family. The families with incomes of less than $400 
_ were reported to use meat somewhat less frequently than those with 


_ larger incomes. 
FRUIT 


_ Fruit, chiefly citrus fruit, was used by the children in a large pro- 

_ portion of the families interviewed, only 9 per cent reporting that 

no fruit at all was used and 52 per cent reporting that fruit was used 

atleast once aday. The families with incomes of less than $400 used 
fruit less Reroute than did those with incomes of $400 or more. 


VEGETABLES 


Green vegetables, such as lettuce, water cress, spinach, cabbage, _ 
_ and string beans were little used by the families interviewed. Twenty- 
- one per cent reported that they never used such vegetables; 36 per 
cent, that they used them once or twice a week; 24 per cent, three or 
_ four times a week; and 18 per cent, five or more times a week. Like 
the other articles of diet discussed, green vegetables were used more 
_ often by families whose incomes were $400 a year or more. 
In addition to the inquiry on green vegetables, inquiry was made 
_ with regard to the use of other types of vegetables, including dried 
_ beans and root vegetables. Such vegetables were used very frequently 
_ and with rice formed the basis of the great majority of the diets. Only 
7 per cent of the families interviewed reported using these vegetables 
less often than 7 times a week, 44 per cent used them from 7 to 10 
_ times a week, and 49 per cent used them 11 or more times a week. As 
_ would be expected, these vegetables, which, together with rice, are the 
cheapest foods obtainable and have become by custom the basis of the 
diet of all Puerto Rican families, were used about as often by the fam- 
_ ilies with incomes smaller than $400 a year as by those with incomes 
of $400 or more. 

In general the family diets were found to be deficient in many of the 
_ foods considered essential to a diet for growing children and for preg- 
- nant or lactating mothers. Poverty seemed to be the chief cause of 
_ the inadequacy of these family diets. Larger amounts of milk, butter, 
and eggs were bought by the families with incomes of $400 or more a 
_ year than by those with incomes of less than $400 a year. Meat or 
_ fish, leafy vegetables, and fruit were used more frequently by the group 
_ with the better incomes; beans and tuberous vegetables about equally 

by the two groups. 
The families visited in Ponce used less milk and butter, but consid- 
erably more beans and tuberous vegetables than did the families visited 
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in San Juan, who on the whole, had larger incomes. Apparently leafy 
vegetables, fruit, and small amounts of meat were used about equally 
in the two cities. Fewer of the families visited in Ponce than of those 
visited in San Juan used eggs. 


DIETS OF MOTHERS 


Information was sought regarding the diets of the mothers during © 


periods of pregnancy and lactation, with the idea that study of the 
diets of those periods might throw some light on the general health of 
the mothers and children. As a basis for comparison with these diets 
information was sought also regarding the diets of the mothers when not 
pregnant or lactating. That the diets of the mothers were very poor 
at all the times studied will be shown in the discussion on pages 82-88. 

Each mother was questioned as to the amounts and kinds of food 


she had eaten on the day before the interview and also whether this — 
food differed from the food eaten during her recent pregnancy and, if — 


so, in what respects. If she was not lactating, she was asked whether 
the food eaten on the day before the interview differed from the food 
eaten when she was lactating and in what respects it differed. Inquiry 
was made with regard to foods considered essential for good nutrition, 
emphasis being placed on those containing calcium, protein, and vita- 
mins in largest amounts—milk, butter, eggs, meat, fruit, and leafy 
vegetables. Inquiry was also made with regard to the use of dried 
beans, tuberous vegetables, and rice and other cereals. The amounts 
of sugar and other sweets and of breadstuffs were not recorded, as at 
the time the data were gathered it was not intended to compute the 
caloric content of the diets. 

Exact amounts of food taken by the mothers were not measured, 
but approximate amounts of foods eaten by the mothers were esti- 
mated from the total amount cooked for the family and the portions 
served to the members, the mother in particular. The information 
obtained from the mother regarding her diet was compared with that 
obtained for the diet of the family as a whole. 

When inquiry was made concerning the foods eaten during periods 
of pregnancy and lactation, special emphasis was placed on changes 
in the amounts of milk, butter, eggs, fruits, and leafy vegetables. 

The statements made by the mothers as to the amounts and types of 
food used were so much alike that the single day’s diets, when considered 
together, probably give fairly accurate information on the usual diet of 
the Puerto Rican mothers with respect to the special items listed. 

Diet histories for the day before the interview were obtained for 484 
of the 506 mothers, 287 of whom were still nursing at the time of the 
interview, and 197 who were no longer nursing. As 50 of the 506 
mothers each brought two children to be examined, and as many of 
them reported diets for the two pregnancies or the two periods of lac- 
tation, or both, the diets were recorded for each period of pregnancy 
and of lactation. Diets, therefore, were reported for 531 periods of 
pregnancy and for 505 periods of lactation. Of the 505 diets for pe- 

riods of lactation, 287 were for periods not yet completed (that is, the 
Taother was still nursing her child at the time of the interview), and in 
these cases the diet reported for the period of lactation is the same as 
the diet for the day before the interview; the remaining 218 diets were 
for lactation periods completed at varying lengths of time previous to 
the interview, 
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Before the discussion of the mothers’ diet, a word should be said 
with regard to the general health of these women. No data were col- 
lected with regard to weight, but it was the impression of the examin- 
ing physician that the women were in general poorly nourished. Most 
of them also were small in stature. As with the children, this may 
have been due partly to race and partly to prolonged underfeeding. 
The women of 25 or 30 years of age looked old and worn, and many 
of them were listless. Though most of them were well tanned, many 
showed pallor of the mucous membranes of the lips. It was esti- 
mated that the average mother probably weighed not more than 50 
kilograms (110 pounds), and a weight of 50 kilograms has been used 
as the basis of computations concerning the diets. 

In order that the diets might be compared with one another and 
with recognized standards and that relationship between the diets 
and such factors as family income might be studied, each diet had 
to be graded by a definite plan, according to its adequacy in certain 
food elements. In the course of two previous studies, one in Wash- 
ington and one in New Haven, that had to do with the incidence of 
rickets, a plan for grading diets had been worked out that was based 
upon the foods usually eaten in continental United States. These 
diet grades were based primarily on the calcium and protein content 
of foods rather than on their caloric value. 

Though the vitamin content of the diets was taken into consider- 
ation to some extent in planning the diet grades, no estimates on the 
vitamin content of individual diets have been made. It was soon 
found that the gradations planned for judging diets in continental 
United States were not suitable for judging the diets in Puerto Rico. 
The extreme poverty of the Puerto Rican diets necessitated an exten- 
sion downward of the usual scale, so as to provide for the inclusion of 
diets that were poorer in calcium and protein than any found in conti- 
nental United States. 


ANALYSIS OF 112 SAMPLE DIETS 


In order to determine the variation in certain constituents in the 
Puerto Rican diets, to be used in the preparation of the grading plan, a 
detailed study was made of a sample group of 112 mothers’ diets. The 
cases included in this special study were taken at random from three 
groups of cases differentiated from one another only by the diagnosis 
made at roentgen-ray examination of the children’s bones. Half the 
diets were those eaten by mothers of children showing entirely normal 
bones, a quarter, by mothers of children whose roentgenograms were 
considered somewhat doubtful (see p. 47), and a quarter, by mothers 
of children whose roentgenograms shehmed rarefaction or osteoporosis 
of such a degree that it was described as atrophy. The diets to be 
studied were selected at random within the groups described, those 
eaten by mothers of children with normal bones being selected in ap- 
proximately equal numbers from the children in San Juan and Ponce. 
Of the diets so selected, 59 were those of mothers who were still lactating 
at the time of the interview and 53 of mothers no longer doing so. 

It was believed that such a sampling would represent the variation 
of all the mothers’ diets in calcium content and probably in other 


constituents, and that possibly some interesting facts might be brought 


out with regard to the relation between the mothers’ diets and the de-_ 
velopment of the children’s bones, 
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The approximate amounts of protein and of calcium in each of these 
112 diets and also the number of calories were calculated from the data — 
recorded with regard to certain foods eaten on the day before the ~ 
interview. These will be found in Table 22. 


TABLE 22.—Caloric, protein, and calcium content of diets of 112 mothers‘ on day 
previous to interview and roentgen-ray diagnosis of condition of child’s bones 


Calories Protein (gms) Calcium (gms) 


Roentgen-ray diagnosis of con- sph a FE SAR OR MERIC SESE WATE (ETA pbk he 
dition of child’s bones ps Aver- | Maxi-| Mini- | Aver- | Maxi- | Mini- Aver- | Maxi-| Mini- 
age |mum|mum| age | mum; mum] age | mum} mum 


(0 Ss a ao a eae 112 870 | 1, 441 220 | 34.11 | 66.08 | 12.02 | 0.283 | 0.789 | 0.050 — 


ET 1 ROR 2 a eg 56 880 | 1, 441 390 | 34. 67 | 66.08 | 15.38 | .286| .760 . 072 
POUT Sosa o in ss --2- ~~ 28 890 | 1,318 357 | 34.62 | 51.51 | 12.18] .344] .789 - 064 
WEVROVOLOMC js 2555252 seb 28 831 | 1,075 220 | 32.48 | 46.57 | 12.02] .217] .524 - 050 


1 For foods recorded and for method of selecting these 112 mothers see pp. 80, 81. 


Protein content. 

The number of grams of protein in the food eaten by each mother 
on the day before the interview was estimated, and, as the amounts of 
practically all the protein-containing foods, except bread, were re- 
ported, it is likely that the estimates give a reasonably accurate 
picture of the protein content of these diets. The maximum number 
of grams of protein estimated for a single diet was 66, the minimum 
12, and the average 34. According to Sherman,” who summarized 
data from 25 independent investigations, the average protein require- 
ment is 44.4 grams per 70 kilograms of body weight per day, or 32 
grams a day for a woman weighing 50 kilograms. Sherman further 
concluded from the studies that if only the best data were used (those 
which allowed a ‘‘reasonable period for adjustment to such a low 
protein diet”’), the average requirement would probably be lower, or 
about 0.5 gram daily per kilogram of body weight. Using this latter 
figure, then, as more suitable for estimating the requirement for Puerto 
Rican women who are customarily on a low protein diet, it is found that 
for a person weighing 50 kilograms, the daily maintenance require- 
ment would be 25 grams. The “standard” allowance recommended 
by Sherman—one that permits a reasonable margin of safety—is, 
however, 1 gram daily per kilogram of body weight,” or approxi- 
mately 50 grams daily for a person weighing 50 kilograms. Such a 
standard is somewhat more than 50 per cent above the average re- 
quirement of 32 grams for a woman weighing 50 kilograms and is 
twice as much as the estimated requirement of 25 grams a day. The 
average number of grams of protein taken by the mothers in this 
sample group, then, was probably adequate for maintenance but was 
considerably below the standard and obviously did not provide the 
margin of safety permitted by such a standard allowance as that 
suggested by Sherman. 

Calcium content. 

The amount of calcium contained in the foods eaten by each mother 
the day before the interview was calculated; and since the quantity 
of milk, the chief calcium-containing food, had been obtained with 
the oreatest care, and careful estimates had been made of other cal- 
cium-containing foods—vegetables, especially dried beans, and fruit— 


ie hia eae Henry C.: Chemistry of Food and Nutrition, pp. 221-222. New York, 1932. 
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_ it is believed that the information regarding the calcium content of 


_ these diets is reasonably complete. 


The maximum amount of calcium in any of these diets was found 
to be 0.79 gram, the minimum, 0.05 gram, and the average, 0.28 gram. 
This average falls slightly below the amount arrived at when the main- 
tenance requirement as estimated by Sherman for a person weighing 
70 kilograms, namely, 0.45 gram,® is adjusted to the needs of a person 
weighing 50 kilograms, namely, 0.32 gram. It should be borne in 
mind, moreover, that Sherman states that this maintenance require- 
ment ‘‘approximates the minimum of actual need rather than a nor- 
mal allowance,” and that “the margin for safety should probably 
be at least as large for calcium as for protein.’ © 

Sherman suggests that a 50 per cent increase above the average 


- minimum requirement be allowed.” If this is done, so as to arrive 


at a “standard” allowance of calcium, it will be found that the average 
woman of this Puerto Rican group should have been receiving approx- 
imately 0.48 gram of calcium daily instead of what she actually 
received, namely, 0.28 gram. To provide for the increased demand 
for calcium during pregnancy or lactation, moreover, this standard 
allowance should again be liberally increased, probably until it ap- 
proaches the amount suggested by Sherman as the daily requirement 
of a growing child, 1 gram per day.” No such increase in the calcium 
content was evident in the diets of the 59 women who were lactating 
at the time the diet was taken. The average in the diet of these 59 
women was 0.30 gram of calcium as against an average of 0.26 gram 
for the 53 women who were no longer lactating. 

Caloric content. 

Though at the time when the dietary data were gathered it was 
not the plan to calculate the caloric content of the mother’s diets, it 
was later decided upon because the diets were found to be so inade- 
quate in other respects. 

The caloric content of each daily diet was estimated as closely as 


_ possible from average helpings of reported foods. The maximum 


estimated number of calories per day in these 112 diets was 1,441, the 
minimum 220, and the average 870. That this average is so very 
low is at least partly accounted for by the fact that the amounts of 
sugar and other sweets and of bread, articles of diet that are obviously 
high in calories, were not recorded. ‘Though sugar was probably used 
very freely in coffee, bread and such sweets as pastry and cakes were 
_ used relatively little. If the amounts of these foods used were added 
to the total, this addition would, of course, raise the average number 
of calories considerably. It is possible, moreover, that the mothers 
whose diets were low in the recorded foods increased the caloric con- 
tent of their diets by using sugar, and possibly bread, proportionally 
even more than those whose diets were high in the recorded foods. 
If this is true, the number of calories would be increased more in the 
diets that were low in the recorded foods than in those higher in the 
recorded foods. 

There is no way of estimating exactly the caloric value of the sugar 
and small amounts of bread that were eaten; but if the general average 
of 870 calories were increased 50 or 75 per cent to allow for sugar, 


> vce Henry C.: Chemistry of Food and Nutrition, p. 287, 
70 Tbid., p. 5 
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bread, and sweets, or even if it were doubled, it would still fall below 


the minimum energy requirement of approximately 1,800 calories ” 
for a woman of 50 kilograms in body weight who is in normal health 
and who spends eight hours in sleep, eight hours in sewing, ironing, 
sweeping, or other types of light housework, and eight hours in sitting 
or standing at rest. 

That the Puerto Rican women were able to maintain their body 
weight even at a poor level on such a low energy intake may perhaps 
be accounted for partly by the fact that on the whole their work was 
light and the climate is warm. It is probably true also, as suggested 
by Sherman,” that ‘chronic undernutrition in adults, or even simple 
restriction of food consumption in health, if continued sufficiently, 
may bring the organism to a lower level of energy metabolism than 
would be indicated by the weight or surface. ”’ 

It should be remembered, however, that 59 of these 112 women 
not only had to maintain their own weight but had to provide food 
for a nursing infant. Moreover, the unsatisfactory nutritional con- 
dition of the women indicated that the caloric content of their diet 
was probably inadequate. 

It has already been pointed out that Table 22 shows for each diag- 
nostic group the average and the range in calcium, protein, and cal- 
ories. It will be seen that on the average the diets of the mothers of 
the children showing atrophy of the bones were but slightly lower in 
calories and protein than either of the other groups. They were, how- 
ever, approximately one-third lower in calcium than the diets of the 
mothers of the children with ‘‘doubtful” roentgenograms, and one- 
quarter lower than those of the mothers of children with normal 
roentgenograms. The numbers in each group are too small to allow 
any conclusions to be drawn. It should be pointed out, moreover, in 
this connection that most of the children in the group showing osteo- 
porosis (18 out of 28) had been weaned and that the calcium in the 
mother’s diet can not, therefore, be regarded as indicative of the cal- 
cium in the children’s diet. It may, however, indicate the amount of 
calcium in her diet before weaning took place and thus have some 
bearing on the child’s condition. 

No explanation of the greater amount of calcium in the diets of 
mothers whose children had doubtful roentgenograms is suggested. 
On the whole this group of children were younger (mostly under 6 
months of age), and most of them were breast fed (21 out of 28). In 
the New Haven study doubtful diagnoses were made more often in 
young infants, and it had been suggested at the time of this study that 
it was perhaps less easy to be certain of the condition of the bones 
when growth was taking place rapidly. It is possible that this factor 
of. rapid growth entered into the doubtful diagnoses in the Puerto 
Rican children. The higher calcium content of the diets of the 
mothers in this group might, under such circumstances, be associated 
with more rapid growth of the child. There is not enough evidence, 
however, to substantiate such a hypothesis. 

The diets of this sample of 112 mothers were deficient in calcium, 
protein, and calories, but the deficiency in calcium is in all probability 
the most serious, the calcium content falling approximately 40 per 


n a from figures in Chemistry of Food and Nutrition, by Henry C, Sherman, (New York, 1932), 
pp. - 
78 Ibid., p. 184, 
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cent below the optimum for mothers no longer lactating and even 
more below the optimum for mothers who are lactating. The defi- 
ciency of calcium in the mothers’ diets probably indicates a similar 
_ deficiency in the diets of the other rant of the family, with the 
exception, perhaps, of children who were breast fed or who were re- 
ceiving more than a cup of cow’s milk a day. Though it can not be 
_ demonstrated, it is suggested that the osteoporosis of the bones found. 
in so many of the children may be a reflection of this deficiency of 
calcium in the diet. (See pp. 56-59.) 


CLASSIFICATION OF DIETS OF ALL MOTHERS INTERVIEWED 


Using the 112 sample diets to show the variation in foods eaten and 
in the calcium and protein content of these foods, five grades were 
_ established, into which the diets of all the mothers would fall. These 
_ grades were based primarily on the calcium and protein content of the 
diets. The average and range of the calcium and protein content of 
the diets in each of these grades and the combinations of foods that 
- fell within each range are as follows: 


Calcium (grams) | Protein (grams) 
: | ss _| Combinations of food falling within range of cal- 
Diet grade Aver-|Maxi-| Mini-| A ver-| Maxi-| Mini- cium and protein 
age |mum/mum| age |mum|mum 
Milk, 1 cup or more a day. 
Eggs, 3 or more times a week. 
Leafy vegetables, 3 or more times a week. 
4 
0.87 | 0.46 50 65 36 ea Ps tuberous vegetables, 74 2 or more times a 
Rice, potato, or bread 2 or more times a day. 
Meat, 5 or more times a week. 
Oranges, 3 or more times a week. 


Milk, few teaspoonfuls (in coffee) to 1 cup. 

Eggs, 1 or 2 times a week, 

Leafy vegetables, 1 or 2 times a week. 

a tuberous vegetables, 7 or more times a 
week. 

Rice, potatoes, or bread, 2 or more times a day. 

Meat, 3 to 7 times a week. 

Oranges, 1 to 4 times a week. 


= none.75 


0.55 | 0.18 41 


& 
8 


Eggs, or leafy vegetables, 1 or more times a week. 
Beans or tuberous vegetables 7 or more times a 
0. 28 | 0.12 37 50 24 week. 
Rice, potatoes, or bread, 2 or more times a day. 
Meat, 3 to 7 times a week. 
Oranges, 1 to 4 times a week. 


Milk, few teaspoonfuls (in coffee). 
Eggs, or leafy vegetables, none or 1 to 2 timesa 


week. 

Beans or tuberous vegetables, 3 or more times a 
week, 

Rice, potatoes, or bread, 1 or 2 times a day. 

Meat, once a week. 

Oranges 1 to 4 times a week. 


_ 4. Very poor-} 0.15 | 0.24 | 0.06 18 28 Y 


Milk, none. 
; Eggs or leafy vegetables, none, or once a week. 
5. Exceeding- Beans or tuberous vegetables 3 or more times a 
+e coetine l}0.08 | 0.14} 0.02} 15] 26) 4 | week. 


Rice, potatoes, or bread 1 or 2 times a day. 
Meat, none, or once a week. 
Oranges, none, or 1 to 2 times a week. 


_ ™ Tuberous vegetables include, as well as potatoes, such native vegetables as yams and yautias. At the 
_ time when the calcium content of these diets was calculated, no figures as to the amount of calcium in the 
yautia could be found. It was assumed that in calcium content the yautia was somewhere between the 
: tato and the turnip, both of which the yautia resembles. Through a subsequent analysis the yautia has 

see found to be actually much lower in calcium than the estimate used in the present study. (Signifi- 
cance of Mineral Metabolism, I. Preliminary Report on Calcium and Phosphorus Content of Some Puerto 
Rican Food Materials, by D. H. Cook and Trinita Rivera, in the Puerto Rican Review of Public Health 
and Tropical Medicine, vol. 4, no. 2, pp. 65-69, August, 1928.) The amounts of calcium in these diets, 

efore, are as a whole somewhat overestimated. : 

75 Though the diets in the third grade contain no milk, they are slightly better than those in either the 
— or the fifth, because they include larger amounts of calcium and protein containing foods other than 

milk. 
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On the basis of calcium and protein content the diets that would fit 
into the first grade could, on the average, be called ““so0d’’ and those 
near the top of the range within this grade “‘very good.’’ Whether 
those near the bottom of the range should be called ‘“‘good” on the 
basis of but one cup of milk a day is very doubtful. The second 
grade, called ‘fair,’ provides for the diets that on the average con- 
tained at least the daily maintenance requirement of calcium and 
protein for a woman of 50 kilograms; the diets in the third, fourth, 
and fifth grades are all three poor, and fall progressively lower. 
The diets in the fourth and fifth grade are both very poor, but ma 
be distinguished from each other, as the fourth contains a very small — 
amount of milk and the fifth contains none. . 
Diets reported for day before interview. ' 

Table 23 shows the grades given to the diets eaten by 484 mothers 
on the day before the interview and also the calcium content of each — 
diet group (Calcium content not calculated for 2 mothers’ diets). The 
poverty of the diets is very striking. That only 10 per cent of the 
total group of mothers had eaten foods that could be graded as “good” 
is no less worthy of note than that nearly 9 per cent were so exceed-— 
ingly poor as to fall in a group below the usual ‘‘ very poor” one. 

The average amounts of calcium and the range calculated for the 
different diet groups indicate the quality of each grade from the point — 
of view of calcium content. As was done in studying the sample of 
112 mothers’ diets, the average amount of calcium in the day’s food — 
was calculated for the total group of 482 mothers. This was found to 
be 0.29 gram, an amount almost identical with the average for the 
sample and therefore also slightly lower than the amount calculated as — 
a daily maintenance allowance for a woman of 50 kilograms, 0.32 gram. 
(See pp. 82-83.) 


TABLE 23.—Calcium content of mother’s diet on day previous to interview, and 
diet grade; families visited in Puerto Rico 


Calcium content (gms) of 


Families visited others der t 


Diet grade 

Per cent 

Total distri- Average |Maximum| Minimum 
ution 

p00 pape ae aed ane ate Ge UE tip ae eer SOG) eo Lee ee ee ee 
MFT Ae CODON NL onc cacenusae ses chn nna wetens tate 484 100 0. 287 1. 345 0. 048 
Rg eo en ee Come 48 10 . 614 1. 345 456 
TE SS SESS ttn Stoners» hs Ge. Alle ie ey Rater al,» 194 40 . 338 183 
PGehees SlSe es the eae s uate ag 19 .211 328 127 
Wy NOOR: 2 onic ihece seas Sis “es ees | 2107 22 . 180 067 
HMAtSOCINGIM WOO. 25S Fee uek ne ke eee 2 42 9 . 104 145 048 
Grade not reparted 2 = sonci cele steis a Sek see sse 1 oe eee) Srariee: Mama) Agee ema cet EOL 


1 For foods recorded see p. 8 
2 Includes 1 diet for which seleied content was not reported. 


Diets reported for periods of pregnancy and lactation. 
With a view to determining whether any improvement was made by 


Puerto Rican women in their diet during periods of lactation, the — 
foods recorded as eaten on the day before the interview by the mothers | 
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- who were still lactating were compared with the foods recorded for 
_ those no longer lactating, and almost no difference was found. 
_ Apparently, as a general thing, mothers in Puerto Rico do not or ean 
not Sy a better diet during lactation than that which they take 
usually. Moreover, no significant difference was found between the 
lactating and the nonlactating women with regard to the inclusion of 
milk in their diets, and the average calcium content of the diets was 
found to be about the same in the two groups, the diets of the mothers 
_ who were still lactating averaging 0.29 gram and those of mothers no 
longer lactating averaging 0.28 gram. As was true of the sample 
_ diets already discussed, the calcium content of the diets of the 
_ mothers who were carrying the extra burden of lactation was, there- 
_ fore, not only far below the “standard” allowance (see p. 83), but 
even farther below the allowance desirable for lactating women. 
Table 24 shows a comparison of the grades given to diets eaten by 
_ mothers during 531 periods of pregnancy and during 505 periods of 
lactation (combining complete and incomplete periods) with the grades 
given to diets eaten on the day previous to interview by 197 mothers 
who were no longer lactating. The latter group probably represents 
the usual grade of diet eaten by Puerto Rican women. 
Contrary to what might be expected, however, it can be seen that 
the diets taken by the mothers during pregnancy were slightly, but 
definitely, better than those taken on the day previous to the inter- 
view and also better than the diets taken during the lactation periods. 
The greatest difference was found in the proportion of mothers who 
during pregnancy took enough milk to have their diets classified as 
_ good. Though the differences found are slight, they are large enough, 
- in all probability, to be considered significant and to indicate a tend- 
_ ency on the part of some Puerto Rican women to improve their diets 
_ during pregnancy, though the same effort apparently was not made 
during lactation. 


TABLE 24.—Diet grade of mothers during pregnancy, during lactation, and on day 
previous to interview for mothers not lactating on that day 


_ 


Mothers not lactat- 


Periods of ; ; 
Periods of lactation ing on day previ- 

PECeaPeY. ous to interview 

Diet grade 
Per cent Per cent Per cent 
Number | distribu- | Number | distribu- | Number | distribu- 
tion tion tion 

|) “Ee SPR: eee 2 ee ae ee Ss ee oe iyi 9 eae eee | 3 eR eee 
Grade reported. ......--...--..---.-------| 531/100] 505/ 10| 197]... 100 
(Gs 2 it Mees SUR ST De ee Oe SR 98 19 60 12 15 8 
Se EN ee 205 39 208 41 76 39 
Doo CAE eter 2 OE ae Sie ie Oe cee &2 15 89 18 44 22 
Se ae ee Sera eee 109 21 109 22 45 23 
RUT G DO0E Sn cae cn eens ue 37 % 39 8 17 9 
Risen NOR TOMORIOG.. go. ses =~ ig See ee pS aS a ae (Gy PES oe = 


1 Of the 506 mothers in families visited, 50 had two children examined, and information was sought with 
regard to these mothers’ diets during both pregnancies. : 
, 2 Of the 506 mothers in families visited, 50 had two children examined; of the 556 children examined, 30 
were never breast fed. : ; : 
3 Of the 506 mothers in families visited, 293 were lactating on the day previous to interview. 
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Grade of mother’s diet in relation to income. 

That the quality of the mother’s diet is closely related to income is 
shown in Table 25, and has already been referred to in the section on 
Income (p. 68). Since individual diets are under consideration, the 
income per capita has been used rather than the total family income. 
As would be expected, income influenced the quality of the mother’s 
diet to a great extent. Of the mothers reported as receiving good or 
fair diets, nearly two-thirds were in families with per capita incomes 
of $100 or more; of those who had poor diets, only one-third had 
incomes as high. The high cost of milk in Puerto Rico and its 
scarcity are probably responsible for this, since the amount of milk 
was given great weight in grading the diets, but the high cost of eggs, 
butter, meat, and fresh green vegetables is also without doubt a con- 
tributory factor. 


TABLE 25.—Mother’s diet grade for day previous to interview and annual per capita 
income of family; families visited in Puerto Rico 


Families visited 
Diet grade Annual per capita income 
Total 7 
Less than| $50, less | $100, less | $150, less | $200 or Not 
$50 than $100 | than $150 than $200 | more | reported 
PUCOISS ss 222 Tae ee 506 66 130 91 38 52 129 
GL eS is eae ali 48 1 7 7 19 8 
Waet Es HOU a ee ie 194 14 50 51 18 20 41 
2a RNS Ee ESE Sea, a ERR 93 19 27 14 4 4 25 
Very DOr, cence s era elt 107 18 32 16 8 6 27 
paceeling DOP sede oo 42 ll 10 3 1 2 15 
WoL teporied. .. os... 52sec. 22 3 4 Dike ee 1 13 


DIETS OF CHILDREN 
METHOD OF COLLECTING INFORMATION ON DIETS 


When the information on Puerto Rican children’s diets was bein 
collected, an effort was made to collect it in such form that a genera 
description of the diets from the child’s birth to the time of the exam- 
ination could be given and that the quality of the diet at the time of 
examination could be studied in relation to the physical condition of 
the child. The diet information for the child was obtained from the 
mother at the time the home was visited, which was, as a rule, a few 
days after the physical examination of the child. The food eaten by 
the child on the day before the home visit was recorded and also a 
statement from the mother giving in as great detail as possible an 
account of the child’s diet from the time of his birth to the date of the 
visit. As the majority of the children were 1 year of age or under at 
the time of the visit, and the rest in the second or third year, it was 
possible for the mothers to remember with a fair degree of accuracy 
the time at which certain events took place, such as weaning and the 
addition to the diet of cow’s milk and of various solid foods. The age © 
when certain foods were first used was recorded in months. It was. 
realized, however, that there could easily be an error of one or two 
months either way; the time of such changes in diet has, therefore, 
been considered as only approximate. 
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The exact quantities of food eaten by the child daily were not 
recorded, with the exception of milk, but the frequency with which 
such articles of diet as fruit, eggs, leafy vegetables or other vegetables, 
and cereals (including rice) were used and the time when they were 
first used were recorded. The daily quantity of cow’s milk, whether 
in a formula or otherwise, and whether supplementary to breast feed- 
ing or not, was recorded, as well as variations in amount from period 
to period. 

METHOD OF GRADING DIETS 


As with the mothers’ diets, each child’s diet was graded so that it 
might be compared with that of the other children and might be 
studied in relation to such factors as income and physical condition. 
As changes in diet occur at shorter intervals during the first year 
than in later ones, the first year of the child’s life was divided for the 
purpose of description of his diet into four periods of three months 
each, whereas the second and the third years were not divided; 
instead, a whole year, or that part through which the child had lived, 
was used as the unit for grading. A diet grade was given for each 
period, even if it was incomplete. Thus a child 2 months old would 
receive one grade—a grade for the first 3-month period, even though 
incomplete. A child 5 months old would receive two grades—a grade 
for his first 3 months of life and a grade for the second 3 months, 
even though the second period was incomplete. A child just a year 
old would receive four grades—one for each of the 3-month periods 
of the first year. 

The second year, whether complete or incomplete, was treated as 
a single period and given one grade; the third year was treated in 
the same way. Thus a child 16 months old would receive 5 grades— 
a grade for each of the 4 complete 3-month periods of the first year 
and a grade for the second year, even though incomplete. A child 
2% years old would receive 6 grades—4 for the first year, 1 for the 
second, and 1 for the third. 

By this method of grading the children’s diets at various age levels, 
it was possible to study the adequacy of diets at different ages, to 
compare different groups of children on an age basis, and, in addition, 
to study the relation of the diet at the time just before the examina- 
tion (the most recent diet period, even if incomplete) to the physical 
condition of the child at the time of examination. It may be said 
here that essentially no difference was found in the quality of the 
children’s diets taken during a given period with respect to whether 
the period was complete or incomplete. 


BASIS FOR GRADES OF DIETS AT DIFFERENT AGES 


The grades for diets in the different age periods were based in gen- 
eral upon standards for feeding infants and young children generally 
used in continental United States, with some adaptation to fit the 
customs in Puerto Rico. Five grades were given: ‘‘Very good,” 
“good,” ‘‘fair,” “poor,” and ‘‘very poor.’ For each age period the 
“very good” grade represents a relatively good type of feeding but 
not always one equal to what would be described as ‘‘very good”’ 


 incontinental United States. This is especially true of the second and 


third periods, in which the standards for foods in addition to milk ” 


7 Infant Care, p. 78, U. 8. Children’s Bureau Publication No. 8. Washington, 1933, 
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have been kept low in an attempt to adjust the grading to local 
customs. The ‘good,’ “fair,” and ‘‘poor” grades also are based on 
standards lower than those accepted in continental United States. 
For example, the diets in the very good grade for periods two and three 
(especially in period three), are not up to the usual standards, which 
require that vegetables and eggs, as well as cereal, be begun during 
these months. The poor and very poor grades include many diets 
that are exceedingly low in both quality and quantity. For grades 
given to diets at different age periods see Appendix Tables D1 to D6 
(pp. 114-119). 

The diet grades were based first on the type of milk feeding— 
breast feeding or artificial feeding—and, if the child was artificially 
fed, the quantity of cow’s milk and secondly, upon solid foods—the 
kinds of solid foods, the number of times a week they were used, and 
the age at which they were begun. In general, as the child grew older, 
breast milk was given decreasing weight in the grading, and cow’s 
milk and solid foods, increasing weight. Since nearly every child was 
found to receive some orange juice or other form of fresh fruit almost 
daily, fruit was not taken into consideration in grading. 

In the grading of milk feeding, breast milk was considered the most 
satisfactory type for a child during the first 9 months of life. This 
was decided upon with full recognition of the fact that in many 
instances the mother’s diet was so inadequate as probably to affect 
the quality and quantity of her milk. For the first 3-month period of 
the first year breast milk, unsupplemented by cow’s milk, was con- 
sidered the most satisfactory type of milk feeding; for the second 
3-month period (4 to 6 months) and the third 3-month period (7 to 9 
months) breast feeding, either alone or in major part,” was considered 
most satisfactory. For the third 3-month period (7 to 9 months), 
if breast feeding was found to be the minor part of the baby’s milk 
feeding and 1 pint or more of cow’s milk a day was given to supple- 
ment it, or if an average of 1% pints of cow’s milk alone was given, 
the milk feeding was considered satisfactory. . 

After the first 9 months of life, breast feeding, unsupplemented, 
was no longer considered the most satisfactory type of milk feeding, 
but instead, an adequate amount of cow’s milk (1% pints to 2 pints) 
or a small amount of breast milk with 1 pint or more a day of cow’s 
milk in addition was so considered. During the second and third 
years the grading of milk feeding was based on cow’s milk alone, 1% 
pints or more a day being considered a very satisfactory amount of 
milk, 1 pint satisfactory. 

For children under 3 months of age no solid food was required to 
have the diet considered very good, a very satisfactory milk feeding 
alone being enough. . 

In the grading of the diets for the age periods after the first three 
months, however, increasing weight was given to the addition of solid 
foods to the child’s diet, namely, cereal (usually rice), vegetables 
(usually some form of dried beans, but occasionally fresh vegetables 
such as string beans or lettuce), and eggs. The use of rice water in 


77 When a child was partly breast fed and partly artificially fed, it was not possible to tell exactly what 
proportion of his milk feeding was from the breast. Ifa child was breast fed for more than half of a 3-month 
od or if he received an average of only 1 cup of cow’s milk a day (less than i2 ounces) in addition, the 
reast milk was empirically considered to be the major part of his total milk feeding in that period. if he 
was breast fed less than half of a 3-month period or received an average of 1 pint of cow’s milk a day (12 to 
20 ounces) or more, the breast milk was considered to be the minor part of his milk feeding in that period, 


ee 


> ne 
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feeding formulas during the first 9 months of life was counted as the 
use of cereal, though the investigators realized that relatively little 
value was added to the diet in this way. 

For children 4 to 9 months of age only one solid food had to be given 
daily in addition to a satisfactory milk feeding to have the diet con- 
sidered very good or good. That this standard for solid food during 
the period from 4 to 9 months was low in the light of modern standards 
for infant feeding was recognized; but it proved to be relatively high 
for the usual Puerto Rican infant’s diet. 

In the age period 10 to 12 months the very good diet grade included 
what was considered an adequate amount of all three solid foods; 
that is, eggs and vegetables used 2 to 6 times a week each, as well as 


_cereal once or twice daily. If such foods were eaten in combination 


with 1% pints of cow’s milk a day or with a pint of cow’s milk a day 
supplementing breast feeding, the whole diet was considered very 
good; if 1 pint of cow’s milk a day was given, or only an average of 1 
cup supplementing breast feeding, or, if the child’s milk feeding was 
entirely from the breast, and cereal, eggs, and vegetables were all 
taken in adequate amounts, the diet as a whole was considered good. 
The fair, poor, and very poor grades represented less and less adequate 
use of solid foods combined with less and less adequate milk feedings. 

The grades for the use of solid foods during the period from 10 to 12 
months were given as follows: 


Grade Cereal Eggs and vegetables 
Satisfactory ____-- Once or twice a day__-___-- Each food 2 to 6 times a week. 
Borderline_------ Once or twice a day. -.-_-- Either food 2 to 6 times a week 


or 
One food once a week, the other 
1 to 6 times a week. 


I cid dewint dirs « Once or twice a day._----- Either food once a week or 
neither given. 


During the second year also the grade of the child’s diet depended 
both on the kind and quantity of milk and on the use of cereal, eggs, 
and vegetables. No diet was considered either very good or good 
unless both cow’s milk and these specified solid foods were well repre- 
sented. ‘To be graded as very good, a diet had to contain 1 pint or 
more of cow’s milk a day, and all three solid foods had to be used to an 
extent considered very satisfactory. To be graded as good, a diet 
had to contain 1 pint or more of cow’s milk and all three types of solid 
foods in amounts considered satisfactory. Whether the use of solid 
foods was satisfactory depended not only on the number of times a 
week that each was given but on how early in life the use of these foods 
was begun. Throughout the grading of the second-year diets, the 


time when eggs and vegetables were started was given considerable 


weight in determining the grade of the diet. When, as frequently 
happened, eggs or vegetables were given in fair or poor amounts or 
were not started until the child was 13 months or older the grade of 
the diet as a whole was low. 

160326°—83—7 
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The grades for the use of solid foods during the second year were 
given as follows: 


Cereal Eggs and vegetables 
Grade 
How often eaten How often eaten At what age begun 
2 rea 1 to 2 times a day__.-| Each food 5 to 7 times a week __--_- Both foods at or before 12 months, 
3 or 
as One food at 12 months, the other at 13 
b & to 15 months. 
*) 
> 1 to2 times a day....| Each food 3 to 7 times a week __--_- Both foods at or before 12 months. 
bs (1 to 2 times a day---- Each food 5 to 7 times a week... Both foods at 13 to 15 months. 
me 
= |/1 to 2 timesa day...-| Each food 3,to 7 times a week _ _-_- One food at 12 months, the other 13 to 
a 15 months. 
od 
% ||1 to 2 times a day___.| One food 3 to 7 times a week, the | Both foods at or before 12 months. 
m other 0 to 2 times. 
1 to 2 times a day... Each food 3 to 7 times a week. _--_- One food at or after 16 months, the other 
before 16 months, 
or 
g Both foods at 16 months. 
5 1 to 2 times a day___.| Each food 3 to 7 times a week, Both foods at 13 to 15 months. 
Oo or 
8 One food 3 to 7 times, the other 0 
i=) to 2 times. 
1 to 2 times a day_...| One food 3 to 7 times a week, the | One food at 12 months, the other at 13 
| _ other 0 0 to 2 times. to 15 months. 
(0 to 2 times a 2 times a day---- Bach foo food 3 to 7 times a week... ree One food at or after 16 months, the other 
before 16 months. 
p, |]0 to 2 times a day__._| One food 3 to 7 times a week, the | One food at or after 16 months, the other 
8 other 0 to 2 times. before 16 months, 
S or 
2 Both foods at 16 months. 
3 0 40 2 times a day____| Neither food in diet Both foods at or before 12 months, 
aq or or 
=) Either food 1 to 2 times a week. One food at 12 months, the other at 13 
to 15 months, 
or 
Both foods at 13 to 15 months. 
to 2 /0 to 2 times a day....| One food 3 to 7 times a week, the | One food at or after 16 months, the other 
bs other 0 to 2 times. before 16 months. 
= ||oto2timesa day....| Neither hig $e in diet One food at or after 16 months, the other 
s before 16 months, 
az) Either food 1 to 2 times a week. or 
3 Both foods at 16 months, 
or 
5 One food at or after 16 months, the other 
b before 16 months. 
oO 
> lo to 2 tines a dayoc02| (li. LL (®). 


78 Neither eggs nor vegetables in diet. 


The diet grades for the third year also were based on the use of 
milk and solid foods, the same standards in general being used as for 


the second year. 
GRADES GIVEN TO DIETS 


Chart IX” shows, for successive periods of the first two years of 
the child’s life, the percentage distribution of the grades given to the 
diets taken by the children for whom diets were reported. It will be 
seen that in these two breed according to the grading plan used, the 
diets deteriorated rapidly in adequacy. In the early periods, as has 


7 For data upon which Chart IX is based, see Appendix Tables D1, D2, D3, D4, and D5, 
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already been pointed out, the most important element that affected 
the grades given to the diets was breast milk; in later periods it was 
cow’s milk and solid foods—especially solid foods. 


Diet Grades 
Very good Good Faire Poor = Very poor 


554 children 


Period! 
(under 4 months) 


469 children 


Period 2 
(4-6 months) 


367 children 


Period 3 
(7-9 months) 


® 293 children 


Period 4 50 
(10-12 months) 


203 Children 


Period 5 § 
(13-24 months) 


25. 


0. 


CuHart IX.—Diet grades during specified age periods in the first 2 years of life; Puerto Rican children 
1 to 34 months of age 


Breast feeding, either alone or supplemented with feedings of cow’s 
milk, was continued for more than half the children to the end of the 
first year. During the second year, or that part of it through which 
the child had lived up to the time of interview, breast feeding was 
continued for about two-fifths of the children. In the period between 
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.10 and 12 months, only about half the children received what was 
considered a relatively satisfactory amount of cow’s milk (1 pint or 
more), either alone or as supplementary to breast feeding. Nearly 
all the rest of the children were still breast fed, either entirely or with 
supplementary feedings of less than 1 pint of cow’s milk a day; a 
very few received no breast milk and an inadequate amount of cow’s 
milk. During the second year (or that part of it through which the 
child had lived) half the children received 1 pint or more of milk daily, 
the majority of the rest receiving only an average of 1 cup of cow’s 


milk daily, either alone or supplementary to breast milk. A very few 


children were still entirely breast fed in the second year. 

For infants during their first three months of life solid food did not 
enter into the grading, the diet grade being based on the type of milk 
feeding only. In the diets of children 4 to 6 months of age the use of 
any sort of solid food in addition to milk was relatively uncommon. 
Of the 469 children graded for this second 3-month period only a small 
proportion (19 per cent) had received cereal in any form. Two chil- 
dren only were reported as having had vegetables in this second period 
and 1 as having had eggs. Since, however, the diet grades in this 
period were planned so as not to depend greatly upon the addition of 
solid food, but more upon breast feeding, a large proportion of the 
diets of children of this age were graded as “good.” 

In the third period, from 7 to 9 months of age, only 144 of the 367 
children whose diets were graded (39 per cent) received any solid food 
in addition to milk. Many of these received cereal only; only 32 
received vegetables, with or without cereal; and only 3 received eggs. 
In the fourth period, from 10 to 12 months, 172 of the 293 children 
whose diets were graded (59 per cent) received some solid food in addi- 
tion to milk. Of these, 98 received cereal only (usually rice); 69, 
vegetables, (usually dried beans, but occasionally a green vegetable) 
either alone or in combination with other foods; and 9, eggs, either as 
the only solid food or in combination with others. In spite of the 
fact, then, that by the end of the first year of life about half the children 
were recelving 1 pint or more of cow’s milk daily, very few could be 
eraded as having very good, good, or even fair, diets because of the 
extreme lack of supplementary foods. 

In the second year only 2 of the 203 children received all three solid 
foods in ‘‘very satisfactory”? amounts; 9 received all three foods in 
satisfactory amounts; 27 received vegetables or eggs or both in bor- 
derline amounts, as well as enough cereal; and 165 in unsatisfactory 
amounts, or none at all. Ten received no solid food at all, not even 
cereal; these diets were in the very poor grade. 

The diets taken by these Puerto Rican children were, then, far below 
the standards usually accepted in continental United States with 
regard to the quantity of milk and also with regard to the use of 
other foods usually considered necessary. It is not surprising that 
during the period when a full diet of cow’s milk and solid foods should 
have been established the nutritional condition of the children became 
increasingly unsatisfactory. 


VALUE OF BREAST FEEDING IN RELATION TO MOTHER'S DIET 


The classification of the children’s diets has been based upon the 
empirical assumption that breast feeding, regardless of the adequacy 
of the mother’s diet, is, when supplemented at appropriate ages by 
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- certain additional foods, the best method of feeding children under 
10 months of age, and that after 10 months an adequate amount of 
_ cow’s milk, with liberal use of certain solid foods, constitutes the best 
_ diet. As the mothers’ diets during both pregnancy and lactation 
_ were on the whole poor (see p. 86), it may well be questioned whether 
_ breast feeding should have been considered very satisfactory for these 
_ children. Recent experimental work has shown that the quality of 


' the mother’s diet influences the nutritive value of her milk.° As 95 


_ per cent of the children were breast fed either entirely or partly during 
_ the first 3 months of life, and 77 per cent during the period from 4 to 6 
_ months, there would seem to be ample opportunity to show the effect 
_ of inadequacy of the mothers’ diets on the ability of the mothers to 
- nurse their children. 

Comparison, however, of the diets eaten during lactation by women 
who were able to nurse their children through six months with those 
who did not nurse them after the first three months shows little dif- 
_ ference in the quality of the diets. Indeed, a larger proportion of 
_ mothers who nursed their children through six months than of those 
_ who nursed their children for less time than that reported diets that 
- fell in the two poorest groups. The quality of the mother’s diets 
= lactation apparently did not influence the length of the nursing 
period. 

_, So, too, the diets eaten during pregnancy could not be shown to have 
influenced the length of the nursing period. The fact that there were 
_ so few women whose diets could be classified as really good may ac- 
_ count for the lack of contrast between diets of good quality and of poor 
' quality in their effect on the length of the nursing period. 
_ Considering the poverty of these mother’s diets, the question may 
_ very well be raised with regard to the desirability of grading breast 
_ feeding as very good, but since the real quality of the breast milk was 
_ not known, and since many of the artificial formulas substituted would 
_ probably have been even more inadequate, as can be judged from the 
_ few reported during these first 6 months (see Appendix Tables D1 and 
D2), it seemed best to consider breast milk as the most satisfactory 
_ food on the whole for these children in their early months. 


CHILD’S PHYSICAL CONDITION IN RELATION TO DIET AT TIME OF INTERVIEW 


The assumption that breast milk was on the whole the best food 
_ may be shown to be reasonably correct by comparing the nutritional 
- condition of children who were examined during periods when breast 
milk was the chief part of the diet with that of children who were 
_ examined in later age periods, when breast feeding was less common, 
and also by studying the relation of the diets as a whole that the 
_ children were receiving at the time of examination to their physical 
_ condition. 

_ It has already been pointed out in the section on physical condition 
_ of the children (see p. 26) that the children who were examined during 
_ the first 6 months of life showed on the whole more satisfactory 
- amounts of subcutaneous fat than those examined during later months, 
_ and also (see p. 22) that the children under 6 months more nearly ap- 
_ proached the average weight for age of white children in continental 


aie Elmer V., and Nina Simmonds: The Newer Knowledge of Nutrition, pp. 410-432. New 
or. \ 
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United States than did those over 6 months. This alone would point 
to the fact that the breast milk that these children were receiving, 
regardless of its quality, was in all probability a more satisfactory food 


Per cent 
0 10 20 30 40 50 


60 70 80 90 100 
only ; 
141 Children N 7 


Mixed feeding 
(breast milk and 
cow’s mith) 

105 children 


Cow’s milk 
feeding only 
85 children 


Subcutaneous fat 


Pa Good SSSY Fair RY Poor and very poor 


CHART X.—Subcutaneous fat in relation to type of milk feeding at time of examination; Puerto Rican 
children 13 months of age and under 


for children of this age than any food that the older children were 
receiving. Moreover, when children 1 year of age or under were 
studied, a definite relation was found between the food that the child 


Per cent 
0 10 20 30 40 50 60 70 aie 


Very good and 
good diet 
164 children 


Fair diet 
63 children 


Poor and very 


. » 
poor diet NES 
104 children SS 


WN 
6 


Subcutaneous fat 
[J] 600g )3= KS Fair «= BERRY Poor and very poor 


CuHartT XI.—Subcutaneous fat in relation to diet grades at time of examination; Puerto Rican children 
13 months of age and under. 


was receiving at the time of examination and the child’s physical con- 
dition as shown by the amount of subcutaneous fat. This relation 
may be seen in Charts X and XI. From Chart X there wouldseem 
to be little doubt that during the first year of life children who were 


ees eee 
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entirely breast fed up to the time of examination, that is, received no 
cow’s milk at all, were the most satisfactorily nourished, whereas those 
on cow’s milk alone were the least satisfactorily nourished. In this 
connection, however, it should be pointed out that 70 per cent of the 
141 children who were entirely breast fed at the time of examination 
were at that time under 7 months of age and that only 22 per cent of 
those receiving no breast milk were equally young. 

When the grade for the entire diet (solid food as well as milk) that 
the child was receiving at the time of the home visit was considered 
in relation to the amount of subcutaneous fat, a similar though some- 
what less striking relation was found; this is shown in Chart XI. 

From the study of the nutritional condition of the children and of 
their diet it would appear that breast feeding, regardless of the quality 
of the mother’s diet, was the diet that brought relatively the best re- 
sults; but it is also apparent that after the children became 6 months 
of age even these results were not satisfactory according to general 
standards in use in continental United States. If the mother’s diet 
had been better, and if adequate solid foods had been included in the 
child’s diet in addition to the breast milk, the nutritional condition 
of the children would, without much doubt, have been better. 


ECONOMIC CONDITION OF FAMILY IN RELATION TO CHILD’S DIET 


The grade of the child’s diet as a whole and the type of milk feeding 
were studied separately in relation to several economic conditions— 
the per capita income of the family, the number of persons who were 
sharing the family diet, and, if the father had been unemployed, the 
duration of his unemployment—but no relation was found. The ab- 
sence of any such relation is probably due to the fact that the great 
majority of incomes were so low that contrasts could not be drawn. 


SUMMARY 


The main part of this investigation consisted in obtaining roent- 
genograms of the forearm bones of nearly 600 children under 3 years 
of age living in Puerto Rico, where children are exposed to sunlight 
all the year round. These were obtained.so that they might be com- 
pared with roentgenograms of children of the same age group living 
in New Haven, where much less sunlight is available. Besides the 
roentgenographic examinations, physical examinations were given to 
the children. 

As part of the physical examinations, the weight and height of each 
child were taken. In weight the group of Puerto Rican children 
examined fell considerably below a group of children examined some 
years before in continental United States, and in height the Puerto 
Rican group fell somewhat below it. The differences for children 
under 6 months of age were, however, less than those for children 
over 6 months. 

Many of the children examined seemed to be poorly nourished. 
From study of the final tabulations it is apparent that the point of 
view of the physicians became warped as they proceeded with the 
examinations and that their standards for the various grades of 
nutritional condition were unintentionally lowered by the prevalence 
of poorly nourished children. Grades for subcutaneous fat are given 
in the report in order to show the variation within the Puerto Rican 
group, but these estimates should not be compared grade for grade 
with estimates for children in continental United States, since the 
grade “good” given to the group in Puerto Rico is probably com- 
parable with the grade ‘‘fair” as used in continental United States, 
and so on. 

Special clinical and roentgenographic examinations were made in 
order to determine whether rickets was as infrequent in this region as 
would be expected on account of the sunny climate. At clinical 
examination 50 children (about 9 per cent of those examined) were 
thought to show (usually in slight degree) the physical signs that are 
commonly considered evidence of rickets. At roentgenographic 
examination, only 5 (less than 1 per cent) showed evidence of rickets— 
3 in a slight or very slight degree and 1 in an advanced degree; 1 
showed a healed process of many months’ standing. Study of the 
- roentgenographic incidence of rickets and of the relation of the roent- 
genographic incidence to the clinical has led to the belief that many 
of the clinical diagnoses of rickets made during the present study were 
wrong and that the physical signs upon which they were based were 
in all probability within the limits of variation of normal growth and 
development. 

The slight deviations from the preconceived normal which had been 
considered signs of slight rickets in a previous study made in New 
Haven by the United States Children’s Bureau in cooperation with 
the department of pediatrics, Yale University School of Medicine, 
were almost totally absent (3 children with such deviations out of 
584 children examined). It is therefore concluded that the deviations 
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found in the New Haven study were properly considered signs of 


rickets and that the standards of normal used in that study were 
not too limited. 


A report is given of 59 cases of marked osteoporosis occurring in 


children who, with the exception of 2, had no rickets, and it is sug- 
_ gested that the osteoporosis was due to gross inadequacies in the diet, 
especially inadequacy of calcium. 


The incidence of transverse lines appearing in the roentgenograms 


_ of the bones of the forearm was studied. These lines are thought to 
_ be evidence of-intermittent growth and, as was expected, were found 
more frequently in these Puerto Rican children than in children of 


the same age in New Haven. 
The socio-economic conditions under which the families were living 


at the time of the investigation were studied—the size of the families, 
housing facilities, income, and diet. The diets of the mothers and 
children were considered of especial interest because of the relation 
of the content of these diets to the growth of the children and to the 


roentgenographic appearance of their bones. The low calcium con- 


_ tent of the mothers’ diets was most striking and was due primarily to 
the fact that almost negligible amounts of milk were taken by a 
majority of the women. The calcium content of the children’s diets 
could not be calculated, but it is probable that the inadequacy of 
calcium in the mothers’ diets is characteristic of the diets of the 
children also. The quality of the children’s diets deteriorated rapidly 
_ after the breast-feeding period was over. Unsatisfactory amounts of 
_cow’s milk were given to at least half the older children. The solid 
food that was given was added to the diet later than is usual in con- 


tinental United States and was insufficient in amount and variety; 


the use of green vegetables and of eggs was relatively rare. The 
basis of the average child’s diet after weaning was rice, beans, and 
coffee, with a little milk and, occasionally, green vegetables. The 
diets of both mothers and children were grossly inadequate, especially 
as regards milk and green vegetables. 
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TasLe A3.— Average height at each month of age; boys and girls 1 to 83 months of | 
age examined in Puerto Rico 


Average height (centimeters) 


Age ! at examination Girls 


Observed Observed Smoothed 


Smoothed 


Ai IORIGEL. Gt de gereee babe a Skat ie Soe 53.3 52.98 §2.8 51. 94 
mTOR Gee eres che is 8 ea lee kg 56. 2 56. 83 55. 4 55. 91 
i peceTs) al 0” Bate tee rar a5 Sal AS RR a ee Seat SR 58. 6 59. 31 58.9 58. 44 
SMTED DT Soe Sage a en fe le Sa 62.8 61. 23 61.2 - 60.38 
POI ee he Lb, Eli ie 62.9 62. 84 60. 7 62. 00 
Uidis tol 1) st SASS Sees Sic ae na ae nn ae eee 64.0 64. 26 61.5 63. 41 
DPT STC SW Sel as Eee sO ara ot ey 64.5 65. 54 64.0 64. 69 
RMGNMRGte ia ass S2 aut) oo eee cobet 66. 6 66. 73 64.5 65. 86 
MRMOMMescec oe 67.8 67. 84 68. 0 66. 96 
MOAI i pn ee we S23 OS See est ee 68. 7 68. 89 67.5 67.99 
Clete a) 0) "eS te e eee  EE Gale Seg er Ua 69.8 69. 89 68.8 68. 98 
WO MMOMUMGiescd cape dec so oint eteawbesd operas 72.0 70. 85 69. 6 69. 92 
MR OTIE IN Ce 2s 620. Si ~ che £2 ee em POPS ess Sed 69.8 71.78 72.0 70. 82 
LOGE Ta) 11 AS een as A Oy lace Me 75.3 72. 69 73.4 71.70 
TST EE pg pao Naa SFU ae BP Fa 75.5 73. 56 73. 1 72, 55 
MMSE oo ou a cicte Whos Gacect tates cats 75. 5 74. 42 75. 2 73. 38 
PWMNONIMMS onsite os hee ecu h ees gs 74.9 75. 25 76.0 74.19 
VE (a1 CU Saree a nash SE ree Pere eae Seat nae 76.0 76. 08 73.7 74.99 
Peas TS ot oS Geo es Mtoe ee ee ay 77.0 76. 88 74.4 75. 76 
OUST 0 SSE aah aa ey Bi AS: TSE SSSA Sd 74.9 77. 67 79.0 76. 53 
Si SNONUNN. = och a cos 252540 esdaacasours se 75.5 78. 46 77.6 * 28 
Me MORUDR iy ass ca. dice Soe ae ee Dee ee ease 78.4 79. 22 75.6 02 
fer SOND S 2 a5 Be tay soe eee saa 80. 6 79. 98 78.4 78. 75 
me SOON UMA ve bi = te en eee eae 84.0 80. 74 78.3 79. 47 
“LA ayn Ree ha iy Sea eat ee aie eine Sea 81. 48 80. 18 
ep nO Nese oro: = rst sew sasteet asd: tonsa suet 80. 4 82, 21 81.1 80. 88 
iy WRONG B oo. oo autaacts sks Meup dames sdase 82. 94 81. 58 
oY SET el STE SRS aia ae ED Sag ER oA ae pet 83. 66 82. 27 
iy ARORA he So Sn Peo ek oe mea E aking 85.1 84, 38 84.0 82. 95 
Re SON ONIN. 2 235 eae ee. Wes Petes ee tS 85. 09 . 83. 63 
Bl SRONSUS ie. 2 cc aati veaeewencieeges 85. 79 84. 30 
Be sp NCRBSs doe suon laste ea on Ucdapeenisceued 86.9 86. 49 84.0 84, 96 
BO WRONGUG 2 s20400s08 oo ss Sead eed ae eek tease 87.19 85. 63 


Equations of curves used in smoothing: 
Boys, y=52.429051+-0.5481817-+ 10.976648 log. x. 
Girls, y=51.434797-+-0.507865r+ 11.478762 log. 2. 
z representing age in months, y representing height in centimeters. 


1 Age is given as of nearest month; that is, ‘‘1 month”’ is from 16 days to 1 month and 15 days, inclusive. 
Note that from 26 months onward each observed average includes a 3-month interval. 
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. Tasre A4.—Weight and age; boys 1 to 33 months of age examined in Puerto Rico 


Boys 1 to 33 months of age 


Weight (kilograms) reported 2 


reported 


1 
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pep is given as of nearest month; that is, ‘1 month” is from 16 days to 1 month and 15 days, inclusive, 
soon. | 
2 Weight is to nearest kilogram; that is, ‘3 kilograms” is from 2.50 to 3.49 kilograms, inclusive, and so on. 
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TaBLE A5.—Weight and age; girls 1 to 88 months of age examined in Puerto Rico 


Girls 1 to 33 months of age 


Weight (kilograms) reported ? 


Age ! at examination 


reported 


Weight not 
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ane is given as of nearest month; that is, ‘1 month” is from 16 days to 1 month and 15 days, inclusive, 
and so on. 
? Weight is to nearest kilogram; that is, ‘‘3 kilograms” is from 2.50 to 3.49 kilograms, inclusive, and so on. 


at iil 


tee 


: APPENDIX A 105 


TaBLe A6.—Average weight at each month of age; boys and girls 1 to 83 months of 
age examined in Puerto Rico 


Average weight (kilograms) 


Age ! at examination Boys Girls 


Observed Smoothed Observed Smoothed 


| SER RG 2h a OS aa 4.0 4. 08 4.1 3. 79 
nS ah nen et tee ane ae eee eee 5.0 5. 01 4.6 4.81 
cL SOS Oe cD Seg, SEO, Ete ec 5.6 5. 69 5.6 5. 44 
a Se ee ae ee One one 6.6 6. 06 6.2 5.91 
SE SESS RAS a eS oe See eerie a ieee cere a ae 6.5 6. 44 5.9 6. 30 
pS BASU SS SS ea lt le, eae a 6.5 6.77 6.1 6. 62 
fT EE TOT SI ee Sols 00h SPs eg se ae a 6.8 7.07 6.8 6.91 
LS sae, BESS ORR Ae See ae eee ae 7.3 7. 34 6.7 7.18 
MD oS ae a ee Se ee ee ae YD 7.59 7.4 7. 42 
CO SE I 5 ae ee Se ae BE 7.83 7.5 7. 64 
oS SSE ES ee ee eee 7.8 8. 06 7.4 7.85 
SEE ee ee ES ree ee 8.7 8. 28 8.0 8.05 
LDN SOE ee a ie ee ae ee ee 7.9 8. 49 8.2 8. 24 
i SEN RES Se SES ee ee eee oe 9.5 8. 69 9.4 8. 42 
pS Oe ee ee eee ae ee 9.6 8. 89 9.0 8. 59 
2 aS SS a a ae rae ee ee 9.5 9. 08 9.8 8. 76 
RRR re eb ae Ee eek 9.3 9. 27 9.8 8. 92 
po ST Sag le Bisbal Sake Sk Tet a nc ae 9.3 9. 46 9.1 9. 08 
wT SS ee SS a a a Sa es 9.5 9. 64 8.8 9. 24 
CS EL SER EGS AE cat Ys SS i all oS ay Oe aoe 9.7 9. 81 9.8 9. 39 
OTS SS SS: BS ae eee a Sa eee 9.3 9. 99 9.3 9. 53 
gi AS BS ARE a INT pt aay 28 Gps tee pe 10,2 10. 16 8.6 9. 68 
I Sat BESS Sse ie ae Raa Paes Sere eee 10.3 10. 33 10.1 9, 82 
CS Cy SS ee Se OS Se Se eee 10.0 10. 49 9.0 9. 96 
gS Ba Ss ae Se eae cee ae a 10. 66 ; 10. 09 
OE 2 hs 7 EE EES GSS ee ee ae 10.9 10. 82 10.4 10, 23 
- 5 | UR See FSR DSS Seat Sas Cas Se a 10. 98 10. 36 
pS ee a AE See ae Sale ee eee oe 11.14 10. 49 
4 "Se SLE: 2 Saas: Sa eee ieee oe 11.7 11.30 11.0 10. 62 
Nag ED SS Sa Se ee ies 11. 45 10. 75 
ESE ER Let ee a ee ee ee 11. 61 10. 87 
Mi wit Pe te. 11.8 11. 76 10.8 10. 99 
7 SSN eee ae ee 11.91 11,12 


Equations of curves used in smoothing: 
Boys, y=3.966361-+-0. 1164967+-2.701817 log. z. 
Girls, y=3.713483-+-0.0809247+-3. 116864 log. z. 
z representing age in months, y representing weight in kilograms. 


! Age is given as of nearest month; that is, ‘‘1 month” is from 16 days to 1 month 15 days, inclusive. 
Note that from 26 months onward each observed average includes a 3-month interval. 


cy! ~~: 


106 DEVELOPMENT OF BONES OF CHILDREN IN PUERTO RICO 


TaBLe A7.—Weight for height of boys J to 33 months of age examined in Puerto 
ico 


Boys 1 to 33 months of age 


Weight (kilograms) reported 


— 
° 
Height (centimeters) “3 
~ 
Total | Total Bs 
re- 4) 5) 6) % 1-8 4°9. | 10) Maan 18.) Te ee 
ported > 
— Oe oe ee ne ee a a a ee 
Soheys \aie ee oe 307 305} 5 | 16 | 24|.80 | 55 | 49 | 48 | 33 | 26) 9) 7). 8 
Height reported_......-.-.----. 304 302 | 4] 16] 241 30 | 55 | 49 | 46] 33 | 26] 9] 7] 8 
a7, VIPGOl Aue ss 1 hod Fs Be eee RS A CRN UR PUN (SRR PE Ga 
Oy ae Oke ae oon Je oe ---|s sce ele EPs eee ee Oe anes eaten Mee Ses em aed See 
Bl atider bee eo 2 pa Se Fae ah gee NR | eee eee [ted | eat ee eee (oT Poe 
Por Maen te Se cS. Lk I} ll SENET ae Gules a cial a a 
POMMOGGT Ol dice e502. 3-4 10 TQ) el Se le es a 
Oi eer 09.225 e252. 2. 28 7 i 4 Papen Beare <i pee pein SIG Vise Neitoanr a mes Hawes SRE ETS 
Peper Bide. est. e 15 gs oa Eas TA ERD ae ie UA WN VR I Magne RT se oot 
as ier Gots. —..-.-2.J.2 26 20 te She yO tee ©: $0) iy et OR AN Sa Pipe Ceci: frees Nae 
Mera O02 = oh 02. J. 3k 24 ps '¢) Peraenie Bimet Zan a ag Yi «FN SI Nie igh deine Nirmal TS 
me mnGeE Oles45---2-----1-8 20 pL om Fees Pei 0 fee La CAE td: je Aco eee eee 
Se ptipaer O0- tia; 20-52. 8 28 yg Fas papery Pele Bet 2 IOWALE) 8 eee 
Peer gi ee 28 poy see fee al baal a Ce 64.134). 71. t.ho ee eee 
Was UGG! foe! .-5-.------5 27 FS) ae amis Bis oe PR VT) 16). 74-4) 1 eee 
fo, GE 70-23 = od 21 gt ERS |e |e fed oe 1 2.| 11 4). 8 |. ceca nen 
Wy ARNO 4 tse Sat 23 Pee cat ne 1 2). 8:1) 10°) cue) See 
Meer 10.622 2 --2- 2b 8 15 sO og (open | Seager (Sy al Seis Vo SE ASA. She 2 leon oe 
ay auer Bl. tsk Soca 14 pio) Seana Pasian (Sey oc! aarp: Mo a | PE 2.4-:2-.B 1 Baste 
ner RO a of se cies 11 Oi (nit seg tel es P) 0 6) 24) pein 
Me, NORE 86.2 ait stole s 7 pA Le RSS fae oS Ue aa Se aes ae T3444 eeseess 
my, ner SF i 2-25 4 Ry ie er aa te et BA SAM SS os Tk 2 jects 
Mee ander Oe. -- 2S Secu 5 ef eae easy bie Se Neral ad (EYRE Ry es 1). 1,2: ieee 
Pe er, Ot: a ee sos eS 3 SHOT tae etal be oeteuted bce lane en tabedecia 19) ..1. peor 
Wiedmder OAs 62222 ce cc yes Ve) eee fepeie 2 area Paid, Glace Fe 100 GINA faeces fewebee kes WEL ee LEE NE eS! 3 
ae MuUOr Ws.52 255. soe ete 2 je repens ices (8 se IPRS REE RN A Se td Cie nek 1. ecoqenad 
Height not reported--.--.------- 3 1 (eee Ue el ag PSO) ae Fo pA Ed WIR FORE lem bo PT 


Tasie A8.—Weight for height; girls 1 to 33 months of age examined in Puerto Rico— 


Girls 1 to 833 months of age 


Weight (kilograms) reported 


Height (centimeters) 
Total | Total 


re- 
ported 
yf Yt: | eae ae Pies pial ee 274 272 
Height reported_._...-..... 272 270 
MB UNGOY Ali occ e 1 1 
47, under 40: 225 oc coc 1 1 
49; amder 6) oo ee 2 2 
Bl, Whar Gos2sn.3<5cc8s 1 1 
Db; WUE 00. So cae 13 Ea eee 
BN WRGOL 01 cose waceusae 9 9 
by; tamer 60s. S252... 5. 13 13 
69).ainder@1_ ssc... ..20 17 17 
Gi, under Gas. =. 20 20 
6G: WHUAY OO. ota es cee 14 14 
66 ONGOlO7 savuees on Se 26 26 
OF, ander 602.22... <3 13 13 
Oo, ner Tio ee 18 18 
off Bri etal ee: Ee ee 19 19 
Wo, UAGAr ¢0s 0087 -bs see 25 24 
0, MORE Ie oes Co ween 23 23 
Nas TERURE tos coc ee 17 17 
WO) HOG? Sion es ee 10 10 
BL Wager Beso cc. Seeks 14 14 
86, UNGer Shs. 6 ole 3 3 
85, under 87-_- 9 8 
87, under 89- 2 2 
89, under 91_ 1 1 
91, under 93-_ ____ 1 1 
Height not reported ._...--- 2 2 
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Tasie A9.—Average weight for height; Puerto Rican boys and girls 


Average weight. (kilograms) Avreage weight (kilograms) 


Boys Girls Boys Girls 
aye bet ae Wake 
centimeters ’ Haat centimeters 

3 3 y 3 z 3 z 3 

P be > be P be P 2 

i eae Ei eee 

° m i) wa {o) mM ° n 
ee eS Sian Ste a Se es ret 2.0 2. 65 8.6 8. 53 8.8 8.47 
3.0 2. 89 4.0 3. 10 || 9.3 9. 00 8.9 8.92 
2 eae as 3. 36 4.0 3. 54 9.5 9.47 9.4 9. 36 
4.0 3. 83 4.0 3. 99 9.6 9. 94 9.4 9. 81 
4.5 4.30 4.1 4.44 10.7 10. 41 10.3 10. 26 
4.8 4.77 4.7 4.89 11.1] 10.88 10.9 10. 71 
4.3 5. 24 5.2 5. 33 11.3 11. 35 1E3 11.15 
5.5 5. 71 6.0 5. 78 11.8 11. 82 11.6 11. 60 
6.3 6.18 6.1 6. 23 12.6 | 12.29 12.5 12.05 
6.6 6. 65 6.4 6. 68 13.0} 12.76 11.0 12. 50 
7.0 7.12 ee 3 y Seg RS a ue 2 eee 13. 23 14.0 12, 94 
Te 7.59 7.5 7. 57 13.0 19) ZL. Kb 8 ee ee 

8.3 8. 06 7.8 8.02 


Equations of curves used in smoothing: 
Boys, y=2.415280-+0.235207z. 
Girls, y=2.199633-+-0.223848r. 
z representing centimeters of height above 46; y representing weight in kilograms. 


TABLE A10.—Head circumference and age; boys 1 to 33 months of age examined in 
Puerto Rico 


Boys 1 to 33 months of age 


Head circumference (centimeters) ? 


25 to 27 months_}. 
28 to 30 months.| 7 
31 to 33 months_| 7 


Age not reported___| 12 


‘Age is given as of nearest month; that is, ‘‘1 month” is from 16 days to 1 month and 15 days, inclusive, 
and so on. 

2 Head circumference is given as of nearest centimeter; that is, ‘34 centimeters” is from 33.50 to 34.49 cen- 
 timeters, inclusive, and so on. 


160326°—33-——8 
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TasBLe All.—Head circumference and age; girls 1 to 38 months of age examined 
in Puerto Rico 


Girls 1 to 33 months of age 


Age ! at examination Head circumference (centimeters) 2 


34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 


sc i: Sa en a as 
Ape neh as 
ic a rf 


PP MMUNtNS. ... 2. s4rseue 
Lh a ae 


25 to 27 months_-_- 
28 to 30 months. -_____- 
31 to 33 months_______- 


Age not reported----_----- 


Preis is given as of nearest month; that is, ‘1 month”’’ is from 16 days to 1 month and 15 days, inclusive, 
and so on. 

2 Head circumference is given as of nearest centimeter; that is, ‘‘34 centimeters”’ is from 33.50 to 34.49 
centimeters, inclusive, and so on, 


_— 7 


— 
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Taste A12.—Average head circumference at each month of age; boys and girls 
1 to 33 months of age examined in Puerto Rico 


e6—IeSSaa"—=—wrlrelyqrooq0S0S9)muEm eee” oy 


Average head circumference (centimeters) 


Age ! at examination Boys Girls 


Observed Smoothed Observed Smoothed 


NN ara ee Seaman asncncok 36.8 36. 25 36.0 35. 33 
CE TESS SS eae oe oe 38.5 38. 62 37.4 37.77 
EE ee all 39.7 40. 00 39.0 39. 19 
TI leh oa tm crn ecu ai cies Sree ccs 40.7 40. 99 40.3 40. 19 
Noe geo noe sls. 41.5 41. 76 40.7 40. 96 
Se ae 42.0 42. 38 40.7 41. 59 
(ES SSE ee eee eneneeaene 42.7 42.91 41.6 42. 12 
Rec NN sos eg ee es eS 43.3 43. 38 42.2 42. 57 
ec wes 43.9 43. 78 43.6 42. 97 
5 oases Al 2 A ee eee 44.0 44.15 43.7 43. 33 
eNO ees oo Seca eS) Oe 43.7 44. 48 43.6 43. 64 
MRE ert ee 45.5 44. 78 43.9 43.93 
ee IR ere i 44.6 45. 06 44.2 44. 20 
LLG 2S ae eee eee ee ae ee 46.4 45. 32 45.4 44, 44 
i oo 8 ret ie es 46.3 45. 56 44.6 44. 67 
DOS ie ie 8 ee roi Se ty 46.7 45. 79 45.0 44. 88 
Ly SSeS ae ee eae 46.5 46. 00 45.2 45. 07 
RS eee a eee a 46. 2 46. 20 45.1 45. 26 
lpn aa be a ia Ben a ee 46. 5 46. 39 45.2 45. 43 
0 Ee a OE Oe oe ee 46.7 46. 58 46.3 45. 59 
8 Shera ES SS Ma eae Say gi eae 46.0 46.75 45.7 45.75 
So 7 As a Se eee ee 46.8 46. 91 45.2 45. 89 
1 SR Se ES ee Te eee a 47.0 47.07 46.8 46. 03 
2A A SO Seapine a 46.3 47. 22 45.9 46. 16 
0 ae SIE SU ae he DR Sih ee 47. 37 46. 29 

ED ph SER RINE SRE yt Se 47.6 47. 51 46.8 46. 41 
So oe eek ube LR es laa SES 2s ee Ea 47. 64 46. 52 
oT Asn Rg Se SAR Re ia eS ce ary ies ae ae 47.77 46. 63 
I sss ee ee 47.4 47.90 46.8 46. 73 
Cg 8A Se Seige eS Ae pa a 48. 02 46. 84 
Le IB Seneca Lane liaise a ue ees ae Ra 48.14 46. 93 
FY ae lg SEU Bak a dill iia ora ol ipepe te 48.7 48. 26 46. 2 47. 03 
NR eh 48. 37 47.11 


Equations of curves used in smoothing: 
Boys, y=36.241792+-0.006690r+-7.839603 log. x. 
Girls, y=35.346584—0.019527r7-+8.173817 log. z. 
z representing age in months; y representing head circumference in centimeters. 


' Age is given as of nearest month; that is, ‘1 month” is from 16 days to 1 month and 15 days, inclusive. 
Note that from 26 months onward each observed average includes a 3-month interval. 


Appendix B.—SKELETAL SIGNS OF RICKETS 


TaBLeE Bl.—Clinical diagnosis of rickets in relation to number of skeletal signs 
usually considered evidence of rickets; children examined in Puerto Rico 


Children, examined 


Clinical diagnosis of rickets 


{ 


es amie’ ah skeletal Questionable 


No rickets diagnosis 


Per cent Per cent 
Number | distribu- 


tion 


PEOtal: <2 dae 400 
re ee eS he 236 
BBCRGo ahe ccs ok dt a S2 136 
EES eee eo 24 
TU See See 4 
BeBe nusecu ssc andes) te Ge o- > BA Boikcz esl cea 
Graphene th cow) a Be ay) ee oo eed eee eee deaieeeoee 
; 1 Less than 1 per cent. 
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TABLE B2.—Clinical diagnosis of rickets in relation to combinations of skeletal signs 
usually considered evidence of rickets; children examined in Puerto Rico 


Children examined 


Clinical diagnosis of rickets 


Skeletal signs Hoenn 
Gas: ickets 
No |tionable 


rickets | diag- 
nosis | Total | Slight ip a ag 


1S SSS SNEERS SEN Se Ue Se Sever ees sega | ame oS <7) ol Re ay aa Nera Ree Sameer cers pears 
Romer enemy Glatt ORFye ssc. a Se DOR fh OO Sols Reo teed rs 


Wosteenontral junetions 2 2355 aa ee ee BE ea 
ON EO) ER See Se ere eee Ge Bs iy ek Sar ©! aiecpiiers 9 i Renee a. Soa 
ee 
NO NNDNND= 2S 264 5 Ceres See es. | RRR i eae ft fot OF lo~ esa 
EUR ORIG teen KPA gre | Cee ee ee SS 
Parietal or frontal bosses moderately en- 
| eT Seen Seer ent pele 
C Re re et 


Costochondral jarietions and epiphyses-...(| 8 |--s ct eae 
Costochondral junctions and bowlegs- ---- cadens | ceca 
©ostocnondral junctions and knock-knees.|-~' * 7] -"° 2 6 fees ee 
Costochondral junctions and iaarigen’s $. 
ORES SET ian Scat: Sie ae pelea MNS Re Oy Pe eae od Serica 2) ubeiee: bap aed ioelearene ea mite armen mee lee 
Costochondral junctions and parietal or 
pm cera mocerately enlarged 2. =) = i Shy FE SS a oe ese solseacteun 
Costochondral junctions and craniotabes..)~ © 1 |..L-.-------s-} UT Tee eee 
Costochondral junctions and asymmetry 
EG see peg men SRE Pee ON BO MS OS Cae Stee © eats b cdiiges Shei es 
iphyses an tae cs eee beset? Seema Mn Yd) Se Si aay Se habeas Si erga gh we estes eg Cone ee 
TRISH ATS RTO RA NONSS — < ose 535 --22) 6 fo EB | peo Seal ee teal nnane tienen aee~ ane 
ener GON TlGReUniS! © GMNOVG. 1) S.-f t  k )eee e e ee e  res ee 
Epiphyses and asymmetry ofhead...----| © 2}  ~Ljentleleafeneee eee. Dae cules fers Tee a 
PE A OS a1 Sa Ca nee Seen (Ame fees © Reis |b] Shia; fe Paine sok OPN sebagai eee 
Pra lees ait ERATTINOTY S BTOGVG Sto ss oR cs ea Be ae eres ee et 
Bowlegs and parietal or frontal bosses 
moderately enlarged____...._--___.____- 
Knock-knees and Harrison’s groove.-- __- 
Knock-knees pad parietal or frontal bosses 
moderately enlarged_______-.__.__.____. 
Harrison’s groove and pigeon-breast ______ 
Asymmetry of head and parietal or frontal 
moderately enlarged___.____.___- 
Parietal and frontal bosses moderately 
enlarged 


Three skeletal LL SS ag Mone 2 as rea aaRY RIM 


Costochondral junctions, epiphyses, and 
tal or frontal bosses moderately en- 


knock- 
‘Costochondral pao ees bowlegs, and 
SBR SE ea 
Gastathonninal junctions, bowlegs, and 
parietal or frontal bosses moderately 
Costodhendcal junctions, bowlegs, and 
fo a a re 
Costochondral junctions, bowlegs, and 
knock-knees 
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TaBLE B2.—Clinical diagnosis of rickets in relation to combinations . skeletal signs 


usually considered evidence of rickets; children examined in Puerto 


tco.—Con. 


Skeletal signs 


Three skeletal signs—Continued 
Costochondral junctions, parietal or fron- 
al bosses moderately enlarged, and 


AbVINIMGUy #1 TOAG. ~~. ..35---cdemeen 


Costochondral junctions, Harrison’s 
groove, and asymmetry of head 
Costochondral junctions, Harrison’s 


Epiphyses, bowlegs, and knock-knees-.---- 
Bowlegs, knock-knees, and parietal or 


frontal bosses moderately enlarged___-__- 


Bowlegs, knock-knees, and Harrison’s 


reyes ep echt iar s Scena es coeiee to 


Knock-knees, parietal or frontal bosses 
moderately enlarged, and asymmetry 
of head 

Asymmetry of head and parietal and fron- 
tal bosses moderately enlarged 


MOT SEGIOLG! HINTIBS coca. cab de nek ee CERE Seen 


Costochondral junctions, epiphyses, bow- 
legs, and knock-knees_---_-.------------ 
Costochondral junctions, epiphyses, bow- 
legs, and parietal or frontal bosses mod- 
erately enlarged 
Costochondral junctions, epiphyses, bow- 
legs, and Harrison’s 
Costochondral junctions, epiphyses. 
knock-knees, and parietal or frontal 
bosses moderately enlarged--.-.....------ 
Costochondral junctions, epiphyses, 
knock-knees, and Harrison’s groove-_---_- 
Costochondral junctions, bowlegs, Harri- 
son’s groove, and parietal or frontal 
bosses moderately enlarged 
Epiphyses, bowlegs, Harrison’s groove, 
ang Mnock-hirieess). 6b. ec Se 
Epiphyses, bowlegs, Harrison’s groove, 
and asymmetry of head_..____....------ 


be MRO UN MUMS accnos tito oo kekuis coseducacn 


Parietal and frontal bosses moderately 
enlarged, costochondral junctions, epi- 
payers, Harrison’s groove, and cranio- 

TEES, EE ae AR PSUR Mine PRN oyr yee Sheep 

Parietal and frontal bosses moderately 
enlarged, costochondral junctions, Har- 
rison’s groove, knock-knees, and asym- 
metry of head 


Children examined 
Clinical diagnosis of rickets 


Rickets 
Ques- 
tionable|— 


diag- 
nosis | Total | Slight 


Appendix C.—TECHNIQUE OF ROENTGEN-RAY 
EXAMINATION 


The technique of the roentgen-ray examination of the bones of the 
forearm followed in every detail that used in New Haven. The roent- 
genograms were taken on 8 by 10 inch superspeed films, placed in flat 
film holders without screens. It had been found that the detail of the 
bone structure was partly lost if screens were used, and though the 
length of exposure was necessarily longer without screens, the resulting 
roentgenogram was very much more satisfactory. In order to keep 
the time of exposure as short as possible, filters were not used. A 
fine-focus 30-milliampere radiator tube was used with a target-film 
distance of 20 inches. The target-film distance was kept unchanged 
throughout the examinations. A current of 40 milliamperes with a 
spark gap of 3% inches was used. The time of exposure varied from 
one-fourth to three-fourths of a second, depending on the thickness 
of a child’s wrist, the smallest wrists requiring a bare one-fourth 
second and the largest, those of well-nourished children of 18 months 
or over, three-fourths of a second. Experience in New Haven had 
shown that it was of utmost importance that the child’s arm should be 
held absolutely still during the exposure. If any movement took 
place, even the very slightest, the detail of the bone structure was 
blurred and the interpretation of the film made more difficult or im- 
possible. To avoid this as far as possible, one of the physicians held 
each child for the roentgen-ray examination. The hand was placed 
palm up with the arm extending at right angles to the body and in 
extreme external rotation, so that the two bones of the forearm would 
lie parallel to each other and not crossed. As often as possible the 
roentgenograms were developed before the child left the clinic, and, 
if they were not satisfactory, further films were taken. In this way 
roentgenograms were obtained which were on the whole satisfactory 
for diagnosis. 

Further experience has shown, however, that the detail of the bone 
structure will be clearer and the chance lessened that movement wi 
spoil the roentgenograms if the time of exposure is shortened to one- 
tenth of a second, if a current of 100 milliamperes and a kilovolt 
peak of 75 are used, and if the target-film distance is lengthened to 30 
inches. If the exposure is accurately timed to one-tenth of a second 
and the kilovolt peak is 75 or less, 100 milliamperes may be passed 
through a 30-milliampere radiator tube without damage to the tube. 
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Appendix D.—GRADING OF CHILDREN’S DIETS 


Appendix Tables D-1 to D-6 show the grades given to the children’s 
diets for each of the four 3-month periods of the first year and for the 
whole second and third years and show also the different combinations 
of milk and solid foods that fall within the range of each grade. The 
number of children whose diets fell in each grade is shown and in 
addition the number of children in each grade for whom the period 
was complete and the number for whom it was incomplete. (See 


p. 89.) 

It should be remembered in studying these tables that together 
they represent diet histories for 554 children (2 diet histories were 
notreported). The diet histories of 293 of these children were reported 
for all four 3-month periods of the first year; of 367, for three periods; 
of 469, for two periods; and for 554, for 1 period. More than half 
the children appear, therefore, in all four tables representing the first 
year. 

It will be seen in each table that the number of children that had 
not yet completed the diet period (those whose ages at the time of 
the interview still fell within the age range of the period) is compara- 
tively small and that the differences in the distribution of diet grades 
of the two groups are insufficient to be considered significant. The 
total number of diets in each grade, therefore, has been used in the 
ball lint regardless of whether they are for complete or incomplete 
periods. 


TasBLe D1.—Dziet grade and type of feeding of children during first 3-month period 
(birth to 3 months) ; children in families visited in Puerto Rico 


Type of feeding Children in families visited 


Age at date of home visit 


6 Total Ae 7 
ow’s nder 4 4months an 
Diet grade = ok ( milk months over 
reast mi average 
ep ee eid PRAT SS Ge pes Sa. poe 
ally Per Per Per 
Num-| cent | Num-| cent | Num-| cent ported 
ber | distri-| ber | distri-| ber | distri- 
bution bution bution 
Weotal 2228 oo le. venereal t 656 [recs WOLEE I 473 Le a8 13 
—SS—S—=——S —————S>S=|_ ——S aa aE—==—=—= 
Grade reported i: . stile. ea A 554 100 70 100 472 100 12 
Very good_-------- Entirely - --..---- None.-..-| 385 69 54 77 322 68 9 
Cie solessectsce Peak Bin ccescaeete | kcsucemeen 140 25 14 20 124 26 2 
WIRIRLY 22-5 1 cup... 110 20 12 17 96 20 eS 
Small amount____| 1 pint--- 30 5 2 3 28 UB pees 
Le PRRs eal ea PVORGss south das do- 9 Wao. Sfasaeeey 9 Fp peeteiee 
OUP cov cteanssece 8 None 1 cup. 20 4 2 3 17 4 1 
TeuG NOL Poported = wes| SA. Pact ece cle ie Ba es Bsc cs ot eee eae i, Seer 1 
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Taste D2.—Diet grade and type of feeding of children during second 3-month 
period (fourth to sixth month); children 4 months of age and over in families 
visited in Puerto Rico 


Children 4 months of age and over ~ 
in families visited 
Type of feeding 


Age at date of home visit 


Diet grade Milk feeding 4 to 6 months | ? moots and 
Per- Per- 
cent | Num-| cent 

distri-| ber | distri- 
bution bution 

ET a ees eee ree eee eee Naan Samy Rare 

Oo SDS Bea Sis Sater Eee One A een) We elem tees Ces 
iG ERC AGe SO) Sas] Sine saremme Pee nae ARM eNO | Meera 
1 ES, ESE GASES STS: SSI CSBP SUSSEASAS Se Senin Set eee aes Se | USE 
Entirely -_.2...| None_--. =. 
Mainly=-—.-..- 1 eup..-+-2 
Small amount_-_| 1 pint__-_- 
None@s-:- -j-i2¢ - More than 
1 pint. 
Vair-..-.. RES SM Beis Se SES oo eal sp es apm ind pare 
Small amount__| 1 pint_-_-_- 
None. ......---- More than 
1 pint 
INGHC 5. dod. = Epints= —. 
} eg Sete, GAS jo | Se Be 1 pint... 
A SSS Se Se Ses Sy eee Te Ree a eae 
pe” ee Be ne lcup.--. = 
1 aes oe ray ap ee eiuss 
CEES 25 A ae os, Sees ie eae Maneater 


14 indicates that 


food was not considered 


some solid food was given; ‘‘0” that no solid food was given. The kind of solid — 
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Taste D3.—Diet grade and type of feeding of children during third 3-month period 
(seventh to ninth month); children 7 months of age and over in families visited in 


Puerto Rico 


Type of feeding 


Children 7 months of age and over in 
families visited 


Milk feeding Age at date of home visit 
Diet grad 8 ae 6 mien 
e ome 10 mont 
form 7 to 9 months and over 
Cons milk on m 
average 
Breast milk ammount. | food! Per 
daily) Num-| cent | Num- 
ber | distri-| ber 
bution 
<1 (5, ON (Oe EE SRS a Se ere ke ar’ HO RS RE YEP Pa ES reg: ah amg 74 
Grade reported =—.-.---|..-------+---5---|5. -u.-..-.--|--+...- 367 100 73 
WOLY SOUR 2a 225.2 )hs Saeed Jet Seay oe os -5 -f-5234 49 13 5 
Entirely - - - ---- None----_- + 22 6 1 
Maifily...2-i:..1 1 eup c=; + 27 7 4 
IDA Sug scab Sel: east Brea peton Suen pec 58 16 13 
Small amount--| 1 pint_---- + 30 8 6 8 24 8 
Nones.-<24 525 orethan} + 28 8 7 10 21 7 
1 pint. 
DOI ansdndensose lye cnb nie nbeunkode|n asap a se=EeolUaecnee 214 58 46 63 168 57 
Entirely - ------ None..----- 0 105 29 21 29 84 29 
Manly. .-.--:-_) beep. 0 30 8 6 8 8 
Small amount--| 1 pint_-__-- 0 23 6 6 8 6 
INOBB Sod 2 ore than 0 30 8 9 2 7 
1 pint. 
NONG.2202 355262 2 Ans <4. + 26 7 4 5 7 
f oc0 1 abectoes Paes) eee a NONE thse 1 pint 2te2 0 21 6 5 7 5 
WEES DOW mes bielius. Wicks ctoanots dank sunuhan|oseuswe 25 7 4 5 7 
INOBE-cccsenues t CUp...u.- + 11 3 1 1 3 
Wonbsn See ico- (ean 0 14 4 3 4 4 
RoTHOe Ob TUGNMEOG Anal Don ccencads we dledete wos ceases «ig, Rae ase yO, ae el |p ee 


1 “4 indicates that some form of solid food was given; ‘‘0” that no solid food was given. The kind of 
solid food was not considered. 
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Taste D4.—Diet grade and type of feeding of children during fourth 3-month period 
fa = twelfth month) ; children 10 months of age and over in families visited in 
uerto Rico 


Children 10 months of age and 


Type of feeding over in families visited 
Age at date of home 
visit 
Milk feeding Total 
Diet grade 10 to 12 |13 months 
Solid food 1 months | and over 
| 2 2 2 
— milk 28 = 38 5 3 g 
average ES) =e Ee} 
Breast milk amount $5 2 $8 EI $B 
aily be & 3 we SS 
me ele be le 
etek. 45.-- 55 f ES A ASE CSI RE mega y | Se ae oe eee) 2? We Neeaeee| BT; a er 233: Loiicc’ 
AT SS | A nie enon! Mee memprenen Sb Ste Saree es Seer eas 100 | 227 | 100 
ERS SSS. SOS Ss Se Spe teees Dimer | Lhe ni ee chee 3] 10 4 
INene..—.-..2- More than 1 2 6 3 
pint. 
Sen ainoanit... 1 pint... 24-0 2 4 2 
Uo Sal ae Sas SE naGil & SOO TY hs i ea a a | aeRO UES OR MORN nis” | Wee: 52) Reva) cake 2 1 
Small amount__| 1 pint__.___- Borderline. ___--_- ‘ed See 1] @) 
1 050) eee CUh.4.-.. 4 Satistactory .-22|). sb) -14----)b 2. 1} @ 
eee ee ke” Sie ene oo ee ee sees 2 6 3 
Name... 2.222: T pint. =~ Borderline--_____- 2 2 1 
Mainky. =... ON] een eee hes ahs: Cae eh me JR peer i 2 1 
Entirely - __---- ING s, ~ o auloooos 6 Fr gblint SPM ees eta? ad ila: J) Esa aeS) CRE Sa 2 i 
|e Biheuna enol BEERS nl je 6 ipetalhl Sb geeneiaimaitaste S| Batseiaerael sree Sookie 70 | 154 68 
(Nene: = 22 2s oso More than1 | Unsatisfactory - -- 14} 20 9 
pint. 
Lo SoS aoe 1 See - INGHG. 25. g:5-= 2 LY 2 ical ae 16 7 
Small amount__| 1 pint. _.____ Unsatisfactory - - - 8 14; 15 
(eS Se €0--2.25 1 aoe Se 6 ll} 10 4 
Ey) are T CUb ceed Unsatisfactory - - - 8 14} 13 6 
i ae ois = i 1 ae. Be Sige 5 3] 12 5 
Entirely - --_--- None. = — oo = Unsatisfactory - - - 10 6 | 24 ll 
NI i ethan Wane. = 3. os Mew Eis Gibregag, 17 9| 44 19 
go Aen 8 CULE, See Spi meneeiebelgectesngt >) Spee alent. Games peernane 25) 17] 26] 55 24 
NAN oo! Ipint2 2 <: Unsatisfactory - - - 114 10) 15|. 22 10 
1 Oe Se Ge eiaiees Ae Sie Petes BL de 2 ee 5 3 5| 12 5 
INone._. 4-2 Foeup.-+...- Unsatisfactory - - - 5 2 3] 14 6 
1 Seat Sep eee Miers Dance INGOs oo iy ts aire 3 2 3 7 3 
Sn RUIN DOOR SU Bee ee ct re oe cctcwee| . Of eeectamcbsecsch.) Ofaenun 


1 For method of grading solid food see p. 91. 
2 Less than 1 per cent. 
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Taste D5.—Diet grade and type of feeding of children during second year; children 
13 months of age and over in families visited in Puerto Rico 


Diet grade 


Grade not reported 


Type of feeding 


Milk feeding 


Solid food 1 


1 ‘oat 


WONG... 225232 11% to 2 pints} Unsatisfactory - -- 

NOG. | scsi) pisos oss vs 1 page Bellare Clade 

[fle : Renee See cB | a Sremipepepeea. Borderline - - - -__- 

Small amount--| 1 pint.-_-__- Unsatisfactory - - - 

Mainly._-.--.. Bi 0 ae Borderline - - ----- 

Entirely - ~_=--- Gti. wesc at toe eae es Se eee 

PMOnG = oso tae 1% to 2 pints i = 4 unsatisfac- 

ory. 

1) 01 epi ocean; aaa Oi ose a ah fas Ree Re ig ore 

NONE. = 5-2 Tpit —- fee Very unsatisfac- 
tory. 

NNanew iu. 2.2 1 O0RoSee Unsatisfactory or 
very  unsatis- 
tory. 

Lg ah eT: pepe BS Sea 9 eed (A pape A, NGHG. «foe scos oe 

Small amount_-_| 1 pint.------ bao unsatisfac- 

Mainly ---..---- MOGpsocoock Uneatiitactory or 
very  unsatis- 
factory. 

DOveudenwsjuivete GO cc eos None .=<5<ssse25 

JSontively 35s) oe Unsatisfactory or 
very unsatis- 
factory. 

1 F figs a et Nea eee See ee! ONG... Sl caeeece 


1 For method of grading solid food, see p. 92 
2 Less than 1 per cent. 
3 Includes 26 children for whom diet grade was not reported as they had lived only one month into this 


period 


Children 13 months of age and 
over in families visited 


Age at date of home 
visit 


Total 
13 to 24 | 25 months 
months | and over 
Z 2 2 
§ 58) 8 |38| 2 |S8 
8 /2| 8/88! 8 | 83 
5 182/53 |82 8.2 
Z4|s8| 24 185/24 |58 
a a py 
B84 escow 176 foctee 87 -|ocsce 
203 | 100 | 147 56 | 100 
2 1 1 1 2 
6 3 2 4 : 
igi tg: eee eR 1 % 
5 2 2 3 5 
21 ae 


& wears 


10 5 8 5 2 4 
28] 14] 18| 12] 10 18 
t 2 3 2 1 2 
26°} WEA a2 9 16 
2 1 2 bl Bays ep 

hi Gy es 1 2 
101} 50) 75) 51 26) 46 
2 1 1 1 1 2 

3 1 2 1 1 2 

3 1 2 1 1 2 
42} 21) 28) 19] 14 25 
3 1 3 ye teas Ene 

3 1 2 1 D 2 
32} 16] 27] 18 5 9 
1} @)- foceeafenwes 1 2 

9 4 7 5 2 4 

3 1 3 Pid epi! 4 
$30 |-..-- oOo Bot ih es 


q 
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Re. 
_ Tasie D6.—Diet grade and type of feeding of children during third year; children 

A 25 months of age and over in families visited in Puerto Rico 

Type of feeding 
Children 25 
Milk feeding months of age 
Diet grade : one se at 
a : ate of home 
Cow’s milk (av- Solid food ! visit 
Breast milk} erage amount 
daily) 
Reni a ei ile aL cm a [oe ase nn ap ne ee wee a ne nen 57 
Grade:reported 0:5: 92202 )inu +20. Mas Seeereaie) Bein les bien Sue ot Pst eee cee 40 
(i 17 ie cesar None..-__- 14% to 2 pints__| Very satisfactory__.__._- I 
Good for anad ‘x4 phish) 152 None:.-..- t pinteosit ee Satisfactory. 2.2222 222-22 2 
PS Speman ba ee Si tat Aiea ape da tO ABE inte Rd Aig ae pace es pao Bl 8 
None-2_.-: 1% to 2 pints..| Borderline_._........___. 3 
None... -- a0 1 eS ae RE TRS RSS a Sa ee 2 
None_--_- [31 2 aalpari. Sanisitergry----—..-__->* 3 
Peiirakerct beter sr 2h cic koe Siocon cl | ere teeta sities 9 
None---_.- | 144 to 2 pints__| Unsatisfactory --.----.--- 1 
None____- 1 pint. 2224... et tig it9> Se ssid 6 
None. __-_- 1 eupe335 8. 2 Borderline: =~ ---.-.--2- 2 
Se IR ee eee toe er Bt eo nce eee . Saeceet ey. <beh wene as 20 
None__..-- Pamp-sstiasis Unsatisfactory or very 18 
unsatisfactory. 
Mainly-__-_|__--- Oc ee ee (1 pale A te Eg ha 2 
Rares DUE RONOrer aetna tat lies Sc ie eb Mee coed Ey diaie ee: . 217 
1 For method of grading solid food, see p. 92. 3 3 

- 2 Includes 16 children for whom grade was not reported as they had lived only 1 month into this period. 


Appendix E.—CASE HISTORIES OF CHILDREN SHOWING 
ROENTGEN-RAY EVIDENCE OF RICKETS 


Because of the rarity of rickets in Puerto Rico the case histories of 
the five children showing roentgen-ray evidence of the disease are 
given in detail. 


Case 1.—S. M., male, age, 6 months, 16 days. Full term, fourth pregnancy, 
normal birth. Three older children were dead; the first at 10 days, of hemorrhage, 
the second, at 9 months, of ‘“‘meningitis,’’ the third, at 3 months, of colic. 

S. M. was born in a cellar of one of the large stone tenements of San Juan, in a 
1-room apartment that had no windows opening to the outside and was lighted 
only by electricity. He had been sickly from birth, was breast fed only a few 
days, and was never taken out of the cellar for fear he would ‘‘catch cold.’”?’ Two 
weeks before examination he was moved to a new and lighter tenement. Until 
this time he had literally never been exposed to daylight; nor, because he was 
artificially fed, had he received the benefit of any antirachitic vitamin through 
breast milk. His diet consisted of a cow’s milk formula, without additional food 
of any sort. No cod-liver oil had ever been given. There was a history of fre- 
quent attacks of bronchitis, and, for the past three or four months, daily convul- 
sions associated with what was thought by the local doctor to be meningitis. 

Physical examination showed a fairly well-nourished infant; weight, 7 kilo- 
grams; height, 64 centimeters. He was pale, cyanotic, breathing rapidly, and 
obviously sick. There was no evidence of tanning, and his musculature was 
flabby and weak. He could not sit up. His head was large and hydrocephalice 
in type; the anterior fontanelle was full, and measured approximately 7 centi- 
meters in its anteroposterior diameter and 7 centimeters in lateral diameter; the 
sagittal, coronal, and lambdoidal sutures were open. There was slight cranio- 
tabes in the parietal bone just behind and above the left mastoid process. The 
frontal and parietal bosses were moderately enlarged. Examination of the chest 
showed moderately enlarged costochondral junctions and a Harrison’s groove 
with accompanying flaring of the costal margins of the ribs. The epiphyses of 
the long bones at the wrist were moderately enlarged. ‘There was a moderate 
degree of pot-belly, and an enlarged spleen. The legs showed no rachitic deform- 
ities. Chvostek’s sign for tetany was not elicited. Examination of the lungs 
revealed a definite broncho-pneumonia, with signs of consolidation at the right 
upper lobe. Roentgenogram of the chest corroborated the diagnosis of broncho- 
pneumonia. The heart was negative. 

Roentgenograms of the bones of the forearm showed advanced rickets with a 
marked degree of osteoporosis accompanying it (fig. 1). The cortex was poorly 
calcified; the periosteum, faintly visible, was elevated on both radius and ulna. 
There was no evidence of deposit of calcium in the zone of primary calcification of 
the lower ends of radius and ulna, and there was a small amount of fraying or 
fringing of the distal end of both radius and ulna, but the rachitic intermediary 
zone, sometimes called the rachitic metaphysis, was not defined by lime-salt 
deposit at its periphery. There was, therefore, essentially no cupping, and only 
slight spreading of the ends of both bones. The trabeculae toward the end of 
the shaft were irregularly placed, and, at the extreme end of the shaft, lay at 
various angles, forming a dense irregular line, such as is commonly seen in severe 
rickets. The picture was that of the type of rickets described by Wimberger* 
as occurring in inactive children, a type which though very severe, shows com- 
paratively little evidence of cupping and fraying, but marked osteoporosis of 
the bones. Such a picture occurs when the disease is so severe that there is 
inability on the part of the organism to reinforce the weakened bone by laying 
down lime salts in the periphery of the rachitic intermediary zone. 

Blood studies were made in the chemical laboratory of the School of Tropical 

- Medicine and showed a calcium content of 7.1 milligrams per cubic centimeter of 
serum, and a phosphorus content of 4.1 milligrams. A diagnosis of severe active 
rickets was made from the clinical and roentgen-ray examinations, and of tetany 


81 Wimberger, Hans: Klinisch-radiolische Diagnostik von Rachitis, Skorbut, und Lues inn Kindesalter- 
[Clinical and Radiological Diagnosis of Rickets, Scurvy, and Congenital Syphilis in Childhood.] Ergeb- 
nisse der inneren Medizin und Kinderheilkunde [Berlin], vol, 28 (1925), pp, 269-288, 
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from the chemical examination of the blood. Treatment with sun baths was insti- 
tuted in the Presbyterian Hospital. The diet was kept the same. No cod-liver 
oil was given. At the end of 18 days healing had begun (fig. 2), as was shown 
by the deposit of lime salt both in the subperiosteal tissues and in and around the 
intermediary rachitic zone at both ends of the radius and ulna, and by the increase 
in the blood calcium to 8.3 milligrams and in the phosphorus to 5.2 milligrams. 
Three months later advanced healing had taken place (fig. 3). 


Case 2.—W. V., male, age 5 months, 12 days. Full term. He was breast 
fed at night with supplementary feeding of condensed milk and rice water during 
the day. He was taken out of doors very little, about half an hour daily in the 
shade. His mother went out of doors very little. 

Physical examination: Weight, 6 kilograms; height, 64% centimeters. The 
amount of his subcutaneous fat and his muscular development were estimated 
as fair; the color of his mucous membranes was good; his skin was lightly pig- 
mented, but there was no tanning. The costochondral junctions were slightly 
enlarged; there was slight bowing of the legs, which was probably not abnormal 
at his age. A clinical diagnosis of questionable rickets was made on the basis 
of the slightly enlarged costochondral junctions. 

The roentgenogram showed a fairly thick type of bone with a slight degree of 
osteoporosis. The cortex was poorly calcified and thick, apparently having been 
laid down in layers, a condition frequently seen at this age when growth is very 
rapid; the periosteal surface of the shaft was not everywhere well defined; the 
zones of primary calcification of both radii and ulnae were poorly defined and 
irregularly calcified, there was slight cupping of both ulnae, and irregular calcifica- 
tion rele ni suggested fringing. A roentgenographic diagnosis of slight rickets 
was made. 


Case 3.—J. L., female, age 5 months 13 days. Fullterm. Breast fed entirely. 

Physical examination: Weight, 6.24 kilograms; height, 61 centimeters. A 
well-nourished, plump infant, with good muscular development and good color 
of mucous membranes. Her skin was lightly pigmented and was tanned only 
onthe knees. There was no clinical evidence of rickets. 

Roentgenographic examination showed a less heavy type of bone than that of 
the previous case, and one which was fairly well calcified throughout. The cortex 
was of average thickness. There was definite though slight cupping at the distal 
ends of both ulnae. The zone of primary calcification was not quite clearly defined 
nor everywhere complete. There were certain breaks in the contour which sug- 
gested very early rickets. The ulna side of the distal end of the radius showed 
a slight decrease in density; otherwise the distal ends of the radii appeared normal. 
A roentgenographic diagnosis of very slight rickets was made. 


Case 4.—M.S., male, age 2 months 26 days. Fullterm. Breast fed. 

Physical examination: Weight, 4.88 kilograms; height, 56 centimeters. A 
fairly well-nourished infant with good muscular development, pale mucous mem- 
branes, lightly pigmented skin, and no tanning. The anterior fontanelle was 
4 centimeters long and 5 centimeters wide. There was a moderate degree of 
craniotabes, which was bilateral. The costochondral junctions were slightly en- 
larged. A clinical diagnosis of slight rickets was made. 

oentgenographic examination showed bones of average thickness. The shaft 
was well calcified, with cortex of normal density and thickness. There was slight 
eupping of the distal ends of both ulnae. The zones cf primary calcification of the 
ulnze showed slight irregularities and what appeared to be breaks in calcification. 
The distal ends of the radii were also not clearly defined. A roentgenographic 
diagnosis of very slight rickets was made. 


Case 5.—M. G., female, age 25 months. Full term. Born in New York City, 
where the first 21 months of life were spent, and taken to Puerto Rico 4 months 
before examination. She was breast fed for 3 months, then given a diet at 
first of fresh cow’s milk and later of condensed milk, supplemented by soup, eggs, 
potatoes, yautias, cereal, and fruit. No cod-liver oil had ever been given. 

Physical examination showed a well-nourished child—weight, 12.02 kilograms; 
height, 85 centimeters. Her skin and mucous membranes were of good color, 
and she was tanned on face, neck, arms, and legs. There was very little clinical 
evidence that would lead to a diagnosis of rickets, slightly enlarged costochondral 
junctions and slight knock-knees being the only signs present. 

The roentgenogram of the bones of the forearm taken on the day of examina- 
tion showed evidence of old healed rickets. The shafts of the bones were well 
calcified, there was no osteoporosis, and the cortex was clearly defined and of 
about average width, The diaphyseal-epiphyseal junctions were well calcified 
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and clearly defined. The zones of primary calcification were unbroken. The 
trabeculae at the distal ends of both radii and ulnae were regular, well calcified, 
and clearly visible up to the zone of primary calcification. 

In the substance of the spongiosa, about 2 centimeters from the distal end of 


both the right and left ulnw, there was an irregular, rather poorly defined zone — 


of increased density, approximately 3 millimeters in width, made up of irregularly 
and rather closely placed trabeculae. There was a slight thickening of the inner 
surface of the cortex in this region and just above, with some irregular narrowing 
of the medullary space. In the radii, also, similar zones, though even less we'll 
defined, could be seen at approximately 2 centimeters from the distal ends of the 
bones. In both radii at the region of this zone there was a slight bulging of the 
shaft. The zones of increased density probably represent an old healed rachitic 
process, which was of moderate severity when active. The amount of bone that 
has grown since the zone formed would indicate that the rachitie process 
had probably occurred in the winter and healed in the summer previous to the 
examination. 

Though this case is included in Table 10 it can not legitimately be counted as 
a case of rickets developing in the Tropics. 


O 


